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ABSTRACT

Author: Gao, Yuling. PhD
Institution: Purdue University
Degree Received: August 2018
Title: Understanding the Adoption, Maintenance, Diffusion of Urban Stormwater Management
Practices
Committee Chair: Linda S. Prokopy
Urbanization increases stormwater volume and decreases infiltration capacity due to the
impact of added impervious surfaces and reduced vegetation. Urban stormwater management
practices (SMPs) employ control and treatment measures to mitigate water runoff and break
down pollutants using a natural approach, which has proven to be effectively protecting the
hydrological process of streams. Though a significant number of empirical studies identified the
effectiveness of urban SMPs, a few studies have investigated individuals’ perceptions about the
approach and factors that influence decision-making on its implementation. This dissertation is
intended to investigate the adoption, maintenance, and diffusion of urban SMPs through mail
surveys, practice assessment, in-person interviews, and intercept surveys in the Region of the
Great Bend of the Wabash River watershed, Indiana. The findings suggest factors of SMP
adoption that fit within themes of self-interest, such as the economic savings of using rainwater
from rain barrels and the effectiveness of managing flooding by using rain gardens, were
perceived to be more beneficial than environmental benefits. Cognitive barriers exist in those
who have yet to adopt the practices, including concerns about effectiveness, maintenance,
aesthetics, and risk of bugs and insects. However, individuals who have adopted the practice are
less likely to have such discouraging mindset. Other predictors includes adopter’s aspiration of
responsibility towards the local river and the availability of program grant. Moreover, the
research finds affective factors, such as emotions and feelings, influence adopters’ continued
maintenance of practices. Concerns like the longevity of required components, the effectiveness
to solve overflow issues, the existence of weeds, and the cost of continued maintenance, affect
their maintenance experience. Finally, regarding the diffusion among communities, adopters can
serve as the communicator for neighbors who have interest in urban SMPs in neighborhoods,
while a well-designed signage can serve as the communicator in public spaces.
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INTRODUCTION

1.1

Research Context

1.1.1 Urban Stormwater Management
Stormwater management, including the infrastructure for water conveyance, drainage and
treatment, is an increasing water problem for communities of all sizes. Urban expansion has
changed the landscape of the United States at a dramatic pace. In the previous decade, the
amount of impervious surface coverage in the contiguous United States has exceeded over
43,479 mi2, an approximate area the size of the state of Ohio (Elvidge et al., 2004). It is also
predicted that United States public and private sector construction will contribute approximately
one million single-family homes and 10,000 miles of new roads per year (Elvidge et al., 2004).
In Indiana, more than 404,685 ha of farmland were converted to urban uses between 1992 and
2002, a trend that has continued through the present day (Thompson & Prokopy, 2009).
According to a U.S. Census Bureau projection U.S. population will increase from 320 million in
to almost 400 million, by 2050, an increase of 25% (USGS, 2013). Urbanization increases
stormwater volume and decreases infiltration capacity due to the impact of added impervious
surfaces and reduced vegetation. Without improved urban planning, increases in the population
may demand more land for public infrastructure development and private construction, which
could aggravate the problem of stormwater management. At the same time, the predicted
increased prevalence of extreme weather events such as floods and droughts due to global
climate change will have wide-ranging impacts on the ability of these systems to continue to
provide stormwater management functions and services at acceptable levels (Wuebbles, Hayhoe,
& Parzen, 2010).
An imbalance between development and existing infrastructure has led to older combined
sewer systems (CSSs) being frequently overloaded with relatively small rain events, which
results in the direct release of untreated wastewater to receiving streams in overflow events.
Separated sewers can reduce water quality problems associated with overflow events, but still
result in the direct flushing of pollutants accumulated on paved surfaces into receiving streams.
Stormwater runoff is a dominant cause of urban water problems, including the degradation of
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water quality, disruption of hydrologic function, and disturbance of biological habitat (Walsh et
al., 2005). Urban stormwater runoff carries pollutants, such as excess fertilizers and pesticides
used on residential lawns and toxic chemicals from business and industrial areas, over roads,
streets, parking lots and other impervious surfaces, and into streams, rivers, lakes, wetlands and
groundwater (USEPA, 2017). The most recent National Water Quality Inventory Report
recognized urban runoff as the leading source of water quality impairments to surveyed estuaries
(USEPA, 2009b). Walsh et al. (2012) identified urban stormwater runoff as an environmental
flow problem, which increases frequency of overland flow and magnitude of peak flow during
wet days. This environmental flow problem has a negative impact on water quality due to
elevated concentrations of sediments and pollutants. In addition, poorly managed urban
stormwater runoff increases the public’s vulnerability to flood hazards (Konrad, 2003) and risk
of waterborne diseases (Gaffield, Goo, Richards, & Jackson, 2003). Conventional combined
drainage system consist of catch basins and end-of-pipe structures that deliver water to nearby
water bodies, however these have caused severe issues of bank erosion, channel morphology and
downstream flooding (National Research Council, 2009), as well as exacerbated hydrological
disturbance.
Starting in 1987, United States Environmental Protection Agency (USEPA) has
established the grant program to address the issues of stormwater runoff and its NPS pollution to
comply with the Clean Water Act (CWA). Urban stormwater management practices (SMPs),
also called stormwater Best Management Practices (BMPs) or Green Infrastructure, are
developed as the alternative techniques to alleviate the rainwater reaching into the piped systems.
Urban SMPs retain and filter the rainwater through structures mimicking natural flow regimes,
examples include rainwater tanks (rain barrels), vegetated infiltration systems (rain gardens,
bioswales, native plantings and green roofs), and pervious pavement. Compared to the
conventional drainage solutions designed to receive runoff from large contributing areas, these
urban SMPs can be installed on decentralized area, such as residential lots, streetscapes, parking
lots, and building roofs.
1.1.2 Empirical Studies on Urban Stormwater Management Practices
Urban SMPs have proven to be effectively protecting the function of urban streams and
the natural hydrological process if stormwater retained in a distributed manner at small-scales
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properly (Burns, Fletcher, Walsh, Ladson, & Hatt, 2012). A rain barrel is a kit used to collect and
store rainwater via a downspout from a rooftop. Rain barrels with a feasible size relative to a
small treated area (2.5 KL/100 m2 roof area) can retain most rainfalls (Burns, Fletcher, Hatt,
Anthony, & Walsh, 2010). One 55-gallon rain barrel, which can be filled in a one-quarter inch
rainfall event, would save up to 1000 gallons of water from a typical single-family residential
home rooftop (1,000 square feet) with two inches of rainfall (Sustain Dane, 2017). Vegetated
infiltration systems can reliably remove up to 90% of sediments, 70% of nitrogen and 85%
phosphorus typically (Bratieres, Fletcher, Deletic, & Zinger, 2008). Bioswales and rain gardens
reduced the total volume of stormwater runoff by up to 40% in Jarden, Jefferson, and Grieser 's
(2016) before-after assessment on two residential treatment streets. A rain garden that is
designed to capture one inch of roof runoff could retain 99% of rainwater from 1,150 square feet
of a roof , while filtering the majority of pollutants (Dietz & Clausen, 2005). A green roof can
retain an average of 63% of precipitation in a variety of climates (Dietz, 2007; Shafique & Kim,
2015). Pervious pavement, consisting of either gravel infill (Gilbert & Clausen, 2006) or
concrete paver blocks (Collins, Hunt, & Hathaway, 2008), resulted in lower runoff volume and
pollutant concentration than asphalt driveways.
Though a significant number of empirical studies are available on the effectiveness of
urban SMPs, only a few studies have investigated individuals’ perceptions about the approach
and factors that influence its implementation. 235 studies about urban SMP implementation
published from 1982 to 2017 were identified by searching the Scopus. The search words
included urban SMPs (stormwater conservation practices, best management practices, green
infrastructure, low impact development), decentralized lot-scale (residential, household, urban)
and individual actions (adoption, implementation, installment). The search did not limit journal
sources, publication year, or document types; however, it searched for English only sources. The
initial search retrieved 412 studies, and 177 were excluded as irrelevant through examination of
each abstract. An automatic content analysis1 was performed to determine prevalent themes. It
found that over half of the papers focused on the engineering design of practices, and the most
frequent thematic word from these papers was “model.” The models described in these studies
1

Automatic content analysis is a text-parsing machine learning tool, using probabilistic topic model
algorithms to discover the thematic composition of a body of literature (Nunez-Mir, Iannone, Pijanowski,
Kong, & Fei, 2016).
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are mostly used to assess the effectiveness of urban SMPs for addressing the impacts of land use
change and climate change. However, the actual effectiveness of urban SMPs is dependent on
adoption rates reaching a critical mass. This research focuses on social dimensions of urban SMP
implementation, exploring individuals’ motivations for adoption, barriers for adoption, concerns
for maintenance, and how the practices diffuse among communities.
1.1.3 Research Area
This research was conducted in Tippecanoe County, Indiana, where the Region of the
Great Bend of the Wabash River watershed (hereinafter, the Wabash Watershed) covers much of
the area (see Figure 1). The County’s population is predominately located in the cities of
Lafayette and West Lafayette, which span the banks of the Wabash River.

Figure 1 Study Area: Region of the Great Bend of the Wabash River, Indiana
Before the time of European settlement, one tribe of the Miami natives known as the
“Wea” inhabited the plain of what is now Tippecanoe County (Wabash River Enhancement
Corporation, 2011). The name of the Wabash River originally comes from their tribe’s language
“Waapaasiiki Siipiiwi,” and translates to “White shining river,” which means the bright
limestone bottom of the river (McCafferty, 2001). Through the 19th and 20th centuries, the
clarity of this white shining riverbed gradually became invisible due to pollution and sediment,
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as settlers viewed the river as a place to dump waste (Wabash River Enhancement Corporation,
2011). In the last decade, Tippecanoe County’s population increased by 15% according to the US
census – from 160,123 in 2006 to 188,059 in 2016. Rapid urban growth has negative
consequences on the local environment, including watershed drainage and water quality. Indeed,
the Wabash River has been listed on the Environmental Protection Agency 303(d) impaired
waters list since 2002 (Wabash River Watershed TMDL Report, 2006). In 2003, the Wabash
River received more than 84 million gallons of combined stormwater and wastewater due to 92
occurrences of combined sewer overflows (Region of the Great Bend of the Wabash River
Watershed Management Plan, 2011). According to the water quality data collected, “the Wabash
River did not consistently comply with the state’s water quality standards.” (Page 105) (Region
of the Great Bend of the Wabash River Watershed Management Plan, 2011, p.105). Such
impairment feeds into the need for water resource protection practices and behaviors.
During the past decade, the Wabash River Enhancement Corporation (WREC) has
worked together with university and community partners to revitalize the Wabash River. The
goals identified by WREC’s steering committee include improving water quality, restoring
natural habitats, sustaining economic development, and increasing public accessibility. (Region
of the Great Bend of the Wabash River Watershed Management Plan, 2011). In 2006, WREC
initiated the River Vision project to gather opinions for the Wabash River corridor management
within the urban cores of Lafayette and West Lafayette (Thompson, Prokopy, Floress, &
Weinkauf, 2011). In 2008, WREC contracted with the Indiana Department of Environmental
Management (IDEM) to implement a Section 319 Non-point Source Program (319 program).
Since 2009, WREC has recruited volunteers to conduct a snapshot assessment of water quality
through the Wabash Watershed, monitoring water temperature, turbidity, nutrient levels, and
pathogen concentrations (Church, Payne, Peel, & Prokopy, 2018; Muenich et al., 2016). In 2012,
the 319 program began to fund households, non-profit organizations, businesses, and
municipalities, to install urban SMPs including rain barrels, bioretention facilities (including rain
gardens and bioswales), pervious pavement, and native plantings. By the summer of 2017, over
900 rain barrels and 160 rain gardens/bioswales had been installed in the study area (see Figure
1). Long-term watershed management efforts of WREC have included the river development
plan, the 319 program, and educational events. WREC’s approach to watershed management
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included increasing public attention to and understanding of the Wabash River to positively
influence the public as partners in restoring and maintaining watershed health.

1.2

Research Questions
Aside from the empirical studies focusing on quantifying the effectiveness of urban

SMPs in an engineering model, this research aims to answer the questions from a social
dimension perspective: What are the determinants for the individuals to implement urban SMPs?
This research is guided by the following sub-questions:
1. What are the motivations of individuals for adopting urban SMPs?
2. What are the barriers of individuals for adopting urban SMPs?
3. What are the concerns of individuals regarding the integration of urban SMPs into
public space?
4. How do the urban SMPs diffuse among communities?
Chapter Two2 answers Question 1 and 2 regarding the implementation of rain barrels.
Chapter Three3 answers Question 1, 2 and 3 regarding the implementation of rain barrels and
rain gardens. Chapter Four answers Question 1, 2 and 4 regarding the implementation of rain
barrels, rain gardens, bioswales, and pervious pavement. Specific research questions are
explained in detail in each chapter.

2

Chapter Two is a published paper, Gao, Y., Babin, N., Turner, A. J., Hoffa, C. R., Peel, S., & Prokopy, L. S.
(2016). Understanding urban-suburban adoption and maintenance of rain barrels. Landscape and Urban Planning,
153, 99–110. https://doi.org/10.1016/j.landurbplan.2016.04.005
3

Chapter Three is a published paper, Gao, Y., Church, S.P., Peel, S., & Prokopy, L.S. Public perception towards
river and water conservation practices: Opportunities for implementing urban stormwater management practices.
Journal of Environmental Management. 223, 478-488. https://doi.org/10.1016/j.jenvman.2018.06.059
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ADOPTION AND MAINTENANCE OF RAIN BARRELS

2.1

Introduction
Stormwater management, including the infrastructure for water conveyance, drainage and

treatment, is an increasing water problem for communities of all sizes. Urban expansion has
changed the landscape of the United States at a dramatic pace. In the previous decade, the
amount of impervious surface coverage in the contiguous United States has exceeded over
43,479 mi2, an approximate area the size of the state of Ohio (Elvidge et al., 2004). It is also
predicted that United States public and private sector construction will contribute approximately
one million single-family homes and 10,000 miles of new roads per year (Elvidge et al., 2004).
In Indiana, more than 404,685 ha of farmland were converted to urban uses between 1992 and
2002, a trend that has continued through the present day (Thompson & Prokopy, 2009).
Urbanization increases stormwater volume and decreases infiltration capacity due to the impact
of added impervious surfaces and reduced vegetation. According to a U.S. Census Bureau
projection U.S. population will increase from 320 million to almost 400 million, by 2050, an
increase of 25% (USGS, 2013). Without improved urban planning, increases in the population
may demand more land for public infrastructure development and private construction, which
could aggravate the problem of stormwater management. At the same time, the predicted
increased prevalence of extreme weather events such as floods and droughts due to global
climate change will have wide-ranging impacts on the ability of these systems to continue to
provide stormwater management functions and services at acceptable levels (Wuebbles et al.,
2010). An imbalance between development and existing infrastructure has led to older combined
sewer systems (CSSs) being frequently overloaded with relatively small rain events, which
results in the direct release of untreated wastewater to receiving streams in overflow events.
Separated sewers can reduce water quality problems associated with overflow events, but still
result in the direct flushing of pollutants accumulated on paved surfaces into receiving streams.
Urban stormwater runoff as one source of nonpoint source (NPS) pollution carries accumulated
pollutants, such as “fertilizer, herbicides and insecticides from lawns and gardens, oil, grease and
toxic chemicals from motor vehicles, viruses, bacteria and nutrients from pet waste” (USEPA,
2003) into local water bodies. As a result, urban streams are among those with the lowest water
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quality in the country, with concentrations of fecal coliform bacteria commonly exceeding
recommended USEPA standards for water-contact recreation (USGS, 2001).
In response to the low capacity of older CSSs to reduce intensive runoff and its pollution,
urban SMPs are identified as a cost-effective way to delay or prevent stormwater from reaching
piped systems in the first place. Urban SMPs, such as rain gardens, rain barrels and permeable
pavement, offer a means to decrease stormwater volumes and reduce water quality impacts of
predicted increases in intense rainfall events that result from climate change. Lot-size urban
SMPs have been proven to have a positive effect on the urban environment and are a promising
strategy for adaptation to climate change (Semadeni-Davies, Hernebring, Svensson, &
Gustafsson, 2008). While these stormwater conservation practices offer real potential to reduce
impacts, they generally have low adoption rates, especially rain gardens and rain barrels
(Newburn, Alberini, Rockler, & Karp, 2013). However, there have been few efforts to
understand why low adoption rates persist, and as a result, there is little information regarding
the adoption and maintenance of urban SMPs by residents. This lack of knowledge on
stakeholder motivations contributes to a high level of uncertainty and reluctance among
organizations to promote urban SMPs through cost share4 programs.
There are many potential factors that may influence an individual’s decision to adopt
urban SMPs. The Theory of Reasoned Action Approach assumes that a person’s behavioral
intention results in action—the intention is influenced by their attitudes towards the behavior,
subjective and descriptive norms, and perceived behavior control (Fishbein & Ajzen, 2011).
Hines et al. (1987) identified associated variables especially relevant for predicting
environmental behavior, which included knowledge of the issue and potential action strategies,
the locus of control of the issue, attitudes related to the issue, verbal commitment to the issue,
and the individual’s sense of responsibility towards the issue. In the agricultural context,
researchers have explored factors that motivate farmers to adopt agricultural BMPs (BaumgartGetz, Prokopy, & Floress, 2012; Knowler & Bradshaw, 2007; Prokopy, Floress, KlotthorWeinkauf, & Baumgart-Getz, 2008). However, less information is available on what motivates
residents to adopt urban SMPs. Recent studies have found that in urban areas, predictors of SMP
4

In a cost-share arrangement, the individual landowner shares the cost of a practice with another entity,
such as a municipality or an environmental program run by a non-profit organization.
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adoption include broad knowledge of SMPs (Brehm, Pasko, & Eisenhauer, 2013), proximity to
distribution points and information campaigns (Ando & Freitas, 2011), households with flower
or vegetable gardening, and strong attitudes toward protecting local water resources (Newburn et
al., 2013). Given the limited body of research from urban areas, these findings need
confirmation.
The effectiveness of urban SMPs should be evaluated not only by the rate of adoption,
but also by the rate of maintenance over time. Just as there is scant literature on why residents
adopt urban SMPs, there is even less literature focusing on what motivates residents to maintain
urban SMPs. The little evidence from the agricultural sector suggests that structural practices are
more likely to be maintained than management practices, and practices that are cost-shared are
more likely to be maintained than those that are not (Jackson-Smith, Halling, de la Hoz,
McEvoy, & Horsburgh, 2010). Other factors influencing the discontinuance of certain
agricultural practices or technologies include profitability (Sofranko, Swanson, & Samy, 2004),
prevalence of university extension visits (Oladele, 2006), and the degree to which farm
production is orientated towards commodity versus specialty markets (Acharya & Sharma,
2013). However, since urban SMPs generally have fewer economic benefits to users compared to
agricultural practices, these findings are of limited relevance to understand urban SMPs
maintenance.
This study explores the adoption and maintenance of rain barrels, one of the urban SMPs
most widely promoted by local watershed groups in residential communities. Rain barrels
connect to a house’s gutter system, collecting and storing rainwater for future use that would
otherwise contribute to stormwater runoff. This study aims to answer the following two research
questions: First, what motivates residents to adopt and subsequently maintain their rain barrels?
Second, what is the maintenance condition of practices? A comprehensive understanding of what
factors influence the adoption and maintenance of urban SMPs in the study area will contribute
to better promotion of practices by local water management organizations. Using the case study
of two Indiana urban-suburban regions, one in a sub-watershed of Lake Michigan and the other
in a sub-watershed of the Mississippi River, this study assessed both property owners and the
condition of their practice through social indicators surveys, interviews, and practice
assessments. The surveys and assessment results test the following hypotheses: (1) Adopters will
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be different from non-adopters in their awareness about local water quality issues, their attitudes
towards the environment and their knowledge about urban SMPs. (2) Full Maintainers (people
who maintained their practices excellently with a full assessment score) will be different from
Partial Maintainers in their awareness about local water quality issues, their attitudes towards the
environment and their experience about maintaining urban SMPs. (3) The use of informational
signage showing adopters’ use of practices and support for the environment will have a positive
impact on maintenance of practices over time.
The goal in investigating the difference between adopters and non-adopters in their
knowledge about urban SMPs, their attitudes toward the environment and their specific
constraints is to provide information on factors influencing adoption of practices. If there is a
relationship between these factors and adoption of practices, then these results can be used to
develop outreach strategies such as the use of targeted educational programs, specific social
norms in marketing, or particular economic incentives (McKenzie-Mohr, 2011). Finally,
assessing the current maintenance condition of the practices as absent or unacceptable,
acceptable and excellently maintained and relating these conditions to respondents’ stated
knowledge, attitudes and constraints provides useful information for targeting unacceptably
maintained practice adopters in order to prevent potential future discontinuance of the practices.

2.2

Methods

2.2.1 Research Area
The research focuses on two urban-suburban regions located in two watersheds in
Indiana, known as the Salt Creek watershed and the Region of the Great Bend of the Wabash
River watershed (here-in after referred as the Wabash watershed) (see Figure 2). The two
watersheds both experienced water quality issues due to urban population growth in the previous
decade. Local environmental organizations in each region have initiated urban SMPs cost-share
programs to tackle water quality issues addressed by their watershed management plans.
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Figure 2 Study Area: Salt Creek Watershed & Wabash Watershed, Indiana
Salt Creek watershed is a Lake Michigan watershed—one of the most industrialized and
populated areas in the state, covering 19% of Porter County in northwestern Indiana (Salt Creek
Watershed Management Plan, 2008). Porter County’s population is projected to increase by 24%
from 2014 to 2050 (calculated by STATS Indiana Tool from Indiana Business Research Center
using U.S. Census Bureau 2014 data). Like many similar communities with considerable
population growth across the country, the area is struggling to deal with increasing urban impacts
to local water quality. As a result, the Salt Creek has been listed on the impaired water bodies list
for E. coli since 1998 and impaired biotic communities since 2002 (Salt Creek Watershed
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Management Plan, 2008). In 2006, the Indiana Department of Environmental Management
(IDEM) contracted Save the Dunes Conservation Fund (SDCF) to develop the Salt Creek
Watershed Management Plan (SCWMP). The SCWMP addresses non-point source pollution
problems and other identified issues in Salt Creek. In 2008, SDCF started to administrate a costshare program to implement the SCWMP, which allowed a portion of the cost to implement
urban SMPs. The cost-share programs, which ran between February 1, 2009 and January 31,
2013, funded households, businesses and municipalities in the installation of over 350 practices
including rain barrels, rain gardens, bioswales, pervious pavement, critical area tree planting, and
stream stabilization. Rain barrels were offered for $10 by the cost-share program in partnership
with the Porter County Community Foundation, the IDEM and the City of Valparaiso from 2009
to 2013, and $20 by the City of Valparaiso’s Municipal Separate Storm Sewer (MS4) program in
2012.
The Wabash watershed is a Mississippi River watershed that covers 70% of Tippecanoe
County in north-central Indiana (Region of the Great Bend of the Wabash River Watershed
Management Plan, 2011). Tippecanoe County’s population is projected to increase by 23% from
2014 to 2050 (calculated by STATS Indiana Tool from Indiana Business Research Center using
U.S. Census Bureau 2014 data). The Greater Lafayette communities spanning the banks of the
Wabash River in Tippecanoe County account for 56% of the total population in Tippecanoe
County (U.S. Census Bureau, 2014). Urban impacts to the Wabash River include combined
sewer overflows (CSO) from five cities upstream of Greater Lafayette and 20 CSO points within
Greater Lafayette. As a result, the Wabash River has been listed on the impaired water bodies list
for nutrients, pH, E. coli, dissolved oxygen, and impaired biotic communities since 2002
(Wabash River Watershed TMDL Report, 2006). In 2008, the Wabash River Enhancement
Corporation (WREC) contracted with IDEM to initiate the development of a watershed
management plan for the Greater Lafayette Region. In 2011, WREC initiated the cost-share
program for promotion of urban SMPs adoption throughout the Wabash watershed, with grants
awarded from the Environmental Protection Agency and other smaller funders. Beginning in
January 2012, the cost-share program funded households, businesses and municipalities in the
installation of practices including rain barrels, rain gardens, bioswales, pervious pavement,
critical area tree planting, and native plantings.
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To understand what motivates the adoption and maintenance of rain barrels in the two
watersheds, assessments of both the property owner/manager and the actual practice were
conducted. This was accomplished through surveys and interviews of residents, as well as
fieldwork assessment of rain barrels (see Table 1).
Table 1 Source of Data

Method

Survey of

Survey of

adopters

residents

Salt Creek

2014

N/A

2014

Wabash

2014

2014

N/A

Interview

Practice
Assessment

Watershed
2014
2014 &
2015

2.2.2 Survey
In the summer of 2014, a social indicator survey was mailed to rain barrel adopters in the
Salt Creek watershed and the Wabash watershed. The addresses were comprised of all 205 rain
barrel adopters from the SDCF and all 461 rain barrel adopters from the WREC. In addition, a
similar survey was mailed to 1100 urban residents in Tippecanoe County in late 2014, which the
data could be extracted to compare between adopters and non-adopters about their awareness,
attitudes and perception towards the environment and urban SMPs. The non-adopters were
selected from the 2014 Wabash Urban Residents survey by excluding respondents who answered
that they have installed a rain barrel. These addresses were compiled from a mailing list
purchased from Survey Sampling International. The Dillman (2014) Tailored Design Method
was used to contact all survey recipients up to five times (advance letter, 1st mailing of paper
survey, reminder postcard, 2nd mailing of paper survey, 3rd mailing of a paper survey with a
final notification postcard). The response rate was 53.3% (number of respondents: n=90) in the
Salt Creek Rain Barrel Adopters survey, 70.0% (n=294) in the Wabash Rain Barrel Adopters
survey, and 27.4% (n=278) in the Wabash Urban Residents survey, excluding the bad addresses,
duplicated responses, and invalid responses.
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The surveys were designed according to parameters based on the Social Indicators
Planning and Evaluation System (SIPES) (Genskow & Prokopy, 2011; Prokopy et al., 2009) as
well as through discussions with staff at the SDCF and the WREC. The indicators are grouped
into four categories: awareness, attitudes, constraints and behaviors. Social demographic
information was also collected.
Awareness about local water quality was determined by asking questions about
perceptions of water impairments, sources of water pollution, and consequences of poor water
quality (4-point Likert scale: 1= not a problem, 4=severe problem). All these awareness
questions included a “don’t know” answer option next to the 4-point Likert scale separating by a
bold dark line, which would be an important indicator for measuring the knowledge of
respondents about water quality (Hu & Morton, 2012). Attitudes about the environment were
measured by questions related to their agreement or disagreement with specific statements (5point Likert scale: 1=strongly disagree, 3=neutral, 5=strongly agree). Practice constraints were
measured by asking how much given factors complicate continued use of a rain barrel. Behaviors
were measured by their experience with rain barrels, including questions about why a rain barrel
was obtained, how it was paid for, what the water was used for, and how they learned about the
practice, as well as their experience with various other urban SMPs. Social demographic
information included gender, age, income, and education as well as property aspects such as lot
size, years in residence, proximity to water bodies, and landscape environment.
Analysis included descriptive statistics (average and frequencies) of social demographic
information and closed-end responses as well as Chi-square test to compare the nominal
variables (social demographic variables, experience about rain barrels and other SMPs) between
adopters and non-adopters, and between Full Maintainers and Partial Maintainers. Independent ttest were used to compare the mean of other ordinal variables (Likert-scaled questions:
perceptions about water quality, opinions about environment) between different groups.
2.2.3 Practice Assessment
Practice assessments of the condition of adopters’ SMPs were based upon established
criteria and indicators for on-site assessments of its performance and maintenance (Bracmort,
Engel, & Frankenberger, 2004; Lindsey, Roberts, & Page, 1992). In addition, collaboration with
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staff at the WREC and the SDCF led to the development of a checklist with criteria for
evaluating the level of maintenance of rain barrels. Excluding the inaccessible locations, a total
of 135 rain barrels in the Salt Creek watershed were successfully assessed between June 11 and
July 15, 2014; 143 rain barrels in the Wabash watershed were successfully assessed between
May 30 and June 10, 2014; and 480 rain barrels in the Wabash watershed were successfully
assessed between May 18 and Oct 6, 2015.
The assessments documented the following conditions of rain barrels:


if the rain barrel is present,



if the rain barrel is connected to a downspout or roof overflow,



if the rain barrel is installed on a stand,



if the exit hoses are attached,



if there are any non-essential holes on the screen or on the barrel,



if the residents displayed informational signage about their rain barrel in their
yard (only applicable in the Wabash watershed),



and an approximation of how full the rain barrel was at the time of assessment.

The informational signage information was only recorded in the Wabash watershed. For
2010 and 2011 pre-WREC period adopters, the signs were installed by the WREC staff and
volunteers after ascertaining adopters’ willingness to display one. For 2012 adopters, the
individual had to fill out a form stating that they will install a sign and indicating they allow
access to their property at the time of purchase through WREC. The signs were installed by the
WREC staff and volunteers. For 2013 and current adopters, the signs were provided by the
WREC at the time of purchase and the purchasers voluntarily install on their own.
Each rain barrel received a score on an index from 0 to 3 after completing the
assessments. Table 2 displays the criteria to achieve an index score.
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Table 2 Assessment Criteria for Rain Barrels
Category Name

Category Index
Score

Excellent

3

Acceptable

2

Unacceptable

1

Absent

0

Criteria
Rain barrel installed, fills with water, and is
able to be used to its full potential
Rain barrel installed and does fill with water,
but cannot be used to its full potential
Rain barrel installed, but does not fill with
water
Rain barrel not installed

Rain barrels with a score of 0 are not installed. These rain barrels either are not present,
or are present but not connected to a downspout or roof overflow.
Rain barrels with a score of 1 are installed, but do not capture rainwater. These rain
barrels either are connected to a downspout diverter that runs uphill, or have severe holes or
cracks that eliminate the barrel’s ability to collect water.
Rain barrels with a score of 2 are installed and can capture rainwater, but limitations exist
on the use of this water. For example, rain barrels that are not on a stand exhibit water pressure
concerns, and rain barrels with damage to the screen on top of the barrel have the potential to
attract mosquitoes. The rain barrels sold by Save the Dunes are designed so that they require the
use of “exit hoses” to retrieve water from the barrel; therefore, Salt Creek rain barrels without
“exit hoses” receive a score of 2.
Rain barrels with a score of 3 contain all the necessary items to be used properly and
without difficulty.
2.2.4 Interview
In-person interviews of adopters in the Salt Creek watershed were conducted in June and
July 2014. All 205 rain barrel adopters in the Salt Creek watershed were contacted up to three
times; 31 individuals agreed to participate in the interview. Of these 31 interviews, 30 were with
homeowners and one was with a Porter County government official. The thirty homeowner
interviews were coded using NVivo and used for analysis; the interview with the government
official helped gain background on stormwater initiatives in the community, but it was not used

17
for analysis since it was not based upon personal experience with rain barrel adoption. The
interviews were semi-structured, following the interview guide but occasionally adding,
omitting, or changing the order of questions as the interview progressed.
Interviews included questions about where they learned about rain barrels, their
motivation for installing a rain barrel, maintenance concerns, who they talked to about their rain
barrel, and their knowledge of others who implemented rain barrels. Specifically, residents who
said they had installed their rain barrel were asked what they use the water in their rain barrel for
and how their rain barrel is working. Those who purchased a rain barrel but did not have it
installed were asked about why they have not installed their rain barrel.
After a single researcher coded all thirty interviews with a systematic codebook, an intercoder reliability test was completed. This reliability testing reduces the possibility that researcher
bias resulted in the data to be coded overly consistent with the hypotheses. It will also increase
confidence that the single coder’s coding would be reproducible by other coders (Campbell et al.,
2013). After two additional coders examined ten percent of the set of interviews, all three coders
compared the results and reconciled areas of discrepancies or confusion. This process was
repeated until the level of coding consistency reached a Cohen’s kappa coefficient value of 0.7,
which has been recommended as a satisfactory level of agreement (Bakeman & Gottman, 1986;
Gardner, 1995).

2.3

Results

2.3.1 Demographics of Rain Barrel Adopters in two Watersheds
There was a higher percentage of female respondents than male in both watersheds. More
than half of the respondents in both watersheds were aged between 50 and 69 (62.5% Salt Creek;
52.8% Wabash). A large number of the respondents in both watersheds earned a bachelor’s
degree or higher (63.7% Salt Creek; 68.9% Wabash). Most of the respondents owned their
property rather than rented it in both watersheds (96.6% Salt Creek; 97.9% Wabash). See Table 3
for more details.
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Table 3 Demographic Profile of Rain Barrel Adopters

Gender
Age

Education

Residential
Lot Size
(unit: acre)
Home
Property

Female
Male
Mean
Range
High school
Some college
2-year college degree
4-year college degree
Graduate degree
1/4 or less
More than 1/4 but less
than 1
1 to less than 5
5 or more
Own
Rent

Salt Creek

Wabash

62.1%
37.9%
58.7
34~91
15.9%
13.6%
6.8%
36.4%
27.3%
47.2%
34.8%

57.4%
42.6%
55.1
25~92
8.6%
12.9%
9.7%
30.5%
38.4%
63.7%
23.0%

12.4%
5.6%
96.6%
3.4%

10.1%
3.2%
97.9%
2.1%

2.3.2 Adopters’ Experience with Rain Barrels
2.3.2.1 Motivation for Adoption and Maintenance of Rain Barrels
Over half of the respondents in both watersheds reported that they received their rain
barrels at a discounted price from the city, university, or local organization (64.7% Salt Creek;
73.0% Wabash). The majority of respondents in both watersheds said they installed their rain
barrel and currently use it (70.5% Salt Creek; 77.9% Wabash). Over half of the respondents who
installed a rain barrel (64.4% Salt Creek; 71.8% Wabash) stated they emptied their rain barrel
within a week of filling.
When asked about motivations for installing a rain barrel, a high percentage of the
respondents said they used it to “reduce water use for their yard and house” (91.9% Salt Creek;
90.7% Wabash). The second top reason reported was “to improve water quality in my area”
(47.3% Salt Creek; 45.1% Wabash). Over half regarded reduction of water use for their yard and
house as the most important single factor driving their acquisition of a rain barrel (62.9% Salt
Creek; 65.8% Wabash), while only a small percentage of respondents saw improvement of water
quality as the most important factor (12.9% Salt Creek; 10.4% Wabash). Most respondents in
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both watersheds said they used stored rain barrel water to irrigate a vegetable or flower garden
(94.4% in Salt Creek; 95.6% Wabash).
All of the interviewees in the Salt Creek watershed, regardless of whether or not they
installed their rain barrels, were flower and/or vegetable gardeners. Twenty-eight of the 30
interviewees mentioned gardening as a primary reason for purchasing a rain barrel. The two who
did not mention gardening as a key motivator did not install their rain barrel. Four interviewees
mentioned that having a rain barrel was convenient for them because the rain barrel was closer to
their garden than the hose was, and made watering easier. Fourteen interviewees also saw cost as
an important reason to purchase a rain barrel. Eight interviewees mentioned the rain barrel was
inexpensive, while seven individuals noted that city water was expensive while rain barrels
supplied free water.
2.3.2.2 Constraints for Maintenance of Rain Barrels
When asked about special constraints on the continued use of rain barrels, except for
equipment malfunction and water pressure, over half of the respondents reported all the other
listed constraints as “Not at all” in both watersheds. Respondents in both watersheds regarded
equipment malfunction (4.4% Salt Creek; 4.4% Wabash) and water pressure issues (4.4% Salt
Creek; 4.8% Wabash) as the factors influencing them “a lot”. The cost of maintenance was
identified as the least constraining factor (“Not at all”: 97.2% Salt Creek; 92.9% Wabash). The
top five factors respondents identified as constraints (aggregated percentage of “a lot” and
“some”) are shown in Table 4.
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Table 4 Top Five Constraints to Maintain a Rain Barrel
Salt Creek
Equipment malfunction
(n=70)
Concerns with mosquitoes
(n=72)
Water pressure issues
(n=71)
Time required for
maintenance (n=71)
Insufficient water in the
barrel (n=70)

Wabash
21.4% Equipment malfunction
(n=226)
15.3% Water pressure issues
(n=227)
12.7% The features of my
property made it difficult
(n=226)
11.3% Insufficient water in the
barrel (n=225)
8.6% Time required for
maintenance (n=227)

18.1%
16.3%
11.1%

11.1%
8.4%

The interviewees in the Salt Creek watershed talked about diverse maintenance concerns
as well. The most common maintenance issues mentioned include hoses clogging or breaking,
water overflowing, rain barrel cracking over the winter season, and low water pressure.
Inconvenience was also a common concern. Six of the eight interviewees who received an
assessment score of 0 mentioned inconvenience as a reason why they do not use their rain barrel.
One person who used their rain barrel also mentioned inconvenience. As a result, this person
discouraged a friend from getting a rain barrel because of the work required.
2.3.2.3 Practice Assessment on Maintenance
In the Salt Creek watershed, 135 rain barrels were assessed and assigned an index score.
In the Wabash watershed, 143 rain barrels in 2014 and 480 in 2015 were assessed and assigned
an index score (see Table 5).
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Table 5 Summary of Assessment Scores by Locations and Years

Category

Index Score

Full
Maintainers

Excellent (3)
Acceptable (2)

Partial
Maintainers

Unacceptable (1)
Absent (0)
Mean
Median
Mode

Salt Creek

Wabash 2014

Wabash 2015

70
51.9%
9
6.7%
9
6.7%
47
34.8%

96
67.1%
7
4.9%
5
3.5%
35
24.5%

226
47.1%
35
7.3%
81
16.9%
138
28.8%

1.76
3
3

2.15
3
3

2.42
3
3

Notably, almost 35% of the Salt Creek rain barrels were absent after a maximum of five
years in practice while 25% and 29% of the Wabash rain barrels were absent after two and three
years of use, respectively. For the comparison of different locations, the Salt Creek watershed
has a statistically significant lower average assessment score than the 2014 Wabash watershed
average assessment (Sig. =.016). For the comparison of different years, WREC updated their rain
barrel inventory in 2015. Although the average assessment score in 2015 is higher than that in
2014, the percentage of scored-3 records (Full Maintainers) in 2014 is higher than that in 2015
(67% in 2014; 47% in 2015).
In addition, in the Wabash watershed the impact of informational signage on adoption
and maintenance of rain barrels was assessed (see Table 6).
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Table 6 Summary of Assessment Scores by Informational Signage
Category

Index Score

Full
Maintainers

Excellent (3)

Sign Present

2014
24

2015
172

2014
72

2015
54

41.4%
1

41.5%
31

84.7%
6

81.8%
4

1.7%
2

7.50%
73

7.1%
3

6.1%
8

3.4%

17.6%

3.5%

12.1%

Absent (0)

31
53.4%

138
33.3%

4
4.7%

0
0.0%

Mean
Median
Mode

1.31
0
0

1.57
1
3

2.72
3
3

2.7
3
3

Acceptable (2)
Partial
Maintainers

No Sign Present

Unacceptable (1)

Residents who did not have informational signage about their rain barrel in their yards
had a statistically significant lower assessment score than residents who displayed the signage on
average (Sig.= .000, 2014; Sig.=.000, 2015).
2.3.3 Comparison between Non-adopters, Adopters and Full Maintainers
The non-adopters were selected from the Wabash Urban Residents survey by excluding
respondents who answered they have installed a rain barrel. For the analysis of difference
between adopters and non-adopters, the purpose is to test whether adopters will have more
awareness of local water quality issues, more positive attitudes towards the environment, and
more capabilities about using the practice than non-adopters. In order to see who is more likely
to maintain their practices, another comparison is made between Full Maintainers and Partial
Maintainers in the Wabash into analysis. There are a total of 226 Full Maintainers from the 2015
practice assessment result. After correlating Full Maintainers’ assessment records with the 2014
survey data, 135 Full Maintainers received the 2014 Rain Barrel Adopters Survey and of these,
93 Full Maintainers responded to the survey. The comparison between different groups includes
their social demographic profile, their awareness about local water quality issues, their opinion
towards the environment, and their constraints and experience about various conservation
practices.
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2.3.3.1 Social Demographic Profile
There was a higher percentage of female respondents in rain barrel adopters than nonadopters and Full Maintainers. For all the other demographic variables, there was no statistically
significant difference between Full Maintainers and Partial Maintainers. The percentage of nonadopters with only a high school diploma and some formal school was significantly higher than
that of rain barrel adopters and Full Maintainers (22.1% non-adopters; 8.6% rain barrel adopters;
11.4% Full Maintainers). The percentage of rain barrel adopters and Full Maintainers with a 4year college degree was higher than that of non-adopters (20.4% non-adopters; 30.5% rain barrel
adopters; 30.7% Full Maintainers). More rain barrel adopters and Full Maintainers lived on
residential lots of greater than one acre (5.0% non-adopters; 13.3% rain barrel adopters; 9.1%
Full Maintainers). A higher percentage of rain barrel adopters and Full Maintainers lived on their
own property than that of non-adopters (87.7% non-adopters; 97.9% rain barrel adopters; 96.6%
Full Maintainers).
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Table 7 Demographic Profile of Residents in Wabash Watershed

Gender
Age

Education

Residential
Lot Size
(unit: acre)
Home
Property

Income

Female
Male
Mean
Range
Some formal schooling
High school
Some college
2-year college degree
4-year college degree
Graduate degree
1/4 or less
More than 1/4 but less than 1
1 to less than 5
5 or more
Own
Rent
Less than $24,999
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 or more

Non
Adopters
39.9%
60.1%
60.3
24~96
3.7%
18.4%
16.3%
8.2%

Rain Barrel
Adopters
57.4%
42.6%
55.1
25~92
N/A
8.6%
12.9%
9.7%

Full
Maintainers
32.2%
67.8%
56.2
25~92
N/A
11.4%
4.8%
8.0%

20.4%
33.1%
66.8%
28.2%
5.0%
0.0%
87.7%
12.3%
N/A
N/A
N/A
N/A
N/A

30.5%
38.4%
63.7%
23.0%
10.1%
3.2%
97.9%
2.1%
4.8%
24.2%
22.6%
17.5%
31.0%

30.7%
35.2%
69.3%
21.6%
9.1%
0.0%
96.6%
3.4%
3.8%
32.1%
23.1%
15.4%
25.6%

2.3.3.2 Awareness of Local Water Quality
Local water quality awareness was measured by assessing perceptions about water
impairments (Figure 3), sources of water pollution (Figure 4) and consequences of poor water
quality (Figure 5). By excluding “Don’t know” responses, the analysis compared mean indicator
values of awareness between non-adopters and rain barrel adopters, and between Full
Maintainers and Partial Maintainers.
For all the 38 variables, Full Maintainers were not significantly different from Partial
Maintainers. In addition, non-adopters had a higher percentage of “Don’t know” responses in all
the 38 variables than rain barrel adopters.
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Rain Barrel Adopters

Non Adopters

Don't Know-Adopters

Don't Know-Non Adopters
70%

Level of Problem

3.5

57%

58%

51%

51%

61%
55%
51%
44%
42%

2.5

60%

55%
50%
45%
41%

42%
37%

40%

33%
33%

31%
26%

30%

22%
18%

20%

1.5

10%
0

1

2

3

4

5

6

7

8

9

10

11

Water Impairiments

Figure 3 Perceptions about Water Impairments
Note:
Red circle highlights variables that comparison groups are significantly different.
(Y-Axis) Level of Problem: from "Not a problem" to "Severe problem" [1,4]
(X-Axis) Water Impairments Categories:
1. Sedimentation (soil particles) in the

6. Pesticides, herbicides, fertilizers, and

water

insecticides

2. Nitrogen

7. Algae in the water

3. Phosphorus

8. Not enough oxygen in the water

4. Bacteria and viruses in the water
(such as E.coli / coliform)

9. Flow alteration

5. Trash or debris in the water

10. Habitat alteration harming local fish

Figure 3 shows that non-adopters were more likely to recognize all the listed water
impairments as a problem in their area than rain barrel adopters, except for “sedimentation in the
water”. Among the listed water impairments, non-adopters were significantly different from rain
barrel adopters in recognizing “algae” (Sig.= .000. Mean value: 2.77 non-adopters; 2.36 rain
barrel adopters) and “not enough oxygen in the water” (Sig.= .003. Mean value: 2.80 nonadopters; 2.40 rain barrel adopters) as a problem.
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Rain Barrel Adopters

Non Adopters

Don't Know-Adopters

Don't Know-Non Adopters

3.5

60%

58%

Level of Problem

51%
43%
42%
35%

2.5
28%

30% 30%
25%

22%

32%
31%

30%
27%
23%

42%
35%

35%

50%

30%

25%

24% 23% 25%
20%
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20%

35%

34%
32% 31%

40%

34%
30%

29%
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21%
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Sources of Water Pollution
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Figure 4 Perceptions about Sources of Water Pollution
Note:
Red circle highlights variables that comparison groups are significantly different.
(Y-Axis) Level of Problem: from "Not a problem" to "Severe problem" [1,4]
(X-Axis) Source of Water Pollution Categories:
1. Discharges from industry into rivers and

10. Stormwater runoff from rooftops, parking lots,

streams

and roads

2. Discharges from sewage treatment plants

11. Street salt and sand
12. Droppings from geese, ducks, and other

3. Soil erosion from construction sites

waterfowl

4. Soil erosion from farm fields

13. Waste material from pets

5. Soil erosion from shoreline and/or streambanks

14. Littering / illegal dumping of trash

6. Excessive use of lawn fertilizers and/or
pesticides on lawns

15. Excessive use of fertilizers for crop production

7. Improper disposal of lawn waste, oils, and
chemicals into storm drain

16. Land development or redevelopment

8. Improperly maintained septic systems

17. Channelization of streams

9. Manure from farm animals

18. Removal of trees and vegetation along streams

Figure 4 shows that rain barrel adopters were more likely to identify most of the listed
sources of water pollution as a problem in their area than non-adopters are. Among the listed
sources of water pollution, rain barrel adopters were significantly different from non-adopters in
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identifying the following as local problems: “discharges from sewage treatment plants”
(Sig.= .028. Mean value: 2.70 non-adopters; 2.92 rain barrel adopters), “soil erosion from
shoreline and/or streambanks” (Sig.= .049. Mean value: 2.53 non-adopters; 2.74 rain barrel
adopters), “improper disposal of waste, oils, and chemicals into storm drain” (Sig.= .020. Mean
value: 2.62 non-adopters; 2.85 rain barrel adopters), “stormwater runoff from rooftops, parking
lots, and roads” (Sig.= .002. Mean value: 2.57 non-adopters; 2.86 rain barrel adopters), and
“street salt and sand” (Sig.= .018. Mean value: 2.67 non-adopters; 2.88 rain barrel adopters).
Noticeably, both groups of respondents were less likely to recognize “waste material from pets”
as a local problem (Mean value: 2.14 non-adopters; 2.09 rain barrel adopters).
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Don't Know-Non Adopters
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3.5

Level of Problem
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31%
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35%

35%
2.5

28%

27%

23%

21%
20%

33%

30%
23%

22%
19%
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15%
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Consequences of Poor Water Quality

Figure 5 Perceptions about Consequences of Poor Water Quality
Note:
Red circle highlights variables that comparison groups are significantly different.
(Y-Axis) Level of Problem: from "Not a problem" to "Severe problem" [1,4]
(X-Axis) Consequence of Poor Water Quality Categories:
1. Contaminated drinking water

6. Reduced quality of water recreation activities

2. Contaminated fish

7. Excessive aquatic plants or algae

3. Loss of desirable fish species

8. Fish kills

4. Reduced beauty of rivers or streams

9. Odor

5. Reduced opportunities for water recreation

10. Lower property values
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Figure 5 shows that both groups of respondents did not see “contaminated drinking
water” as a problem in their area (mean value: 1.89 non-adopters; 1.79 rain barrel adopters).
Among the listed consequences of poor water quality, non-adopters were significantly different
from rain barrel adopters in recognizing “fish kills” (Sig.= .031. Mean value: 2.55 non-adopters;
2.32 rain barrel adopters) and “lower property values” (Sig.= .015. Mean value: 2.36 nonadopters; 2.07 rain barrel adopters) as a problem in their area.
2.3.3.3 Attitudes towards the Environment
Attitudes towards the environment were determined by asking respondents water quality
related statements. Full Maintainers were not significantly different from Partial Maintainers in
their responses to these statements. Rain barrel adopters (both Full and Partial Maintainers) have
more strongly positive attitudes towards the environment than non-adopters did.
Rain Barrel Adopters
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Level of Agreement
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Figure 6 Attitudes towards the Environment
Note:
Red circle highlights variables that comparison groups are significantly different.
(Y-Axis) Level of Problem: from "Strongly disagree" to "Strongly agree" [1,5]
(X-Axis) Statements about the environment:
1. The economic stability of my community depends upon good water quality.
2. The way that I manage my stormwater runoff can influence water quality in local streams and rivers.
3. It is my personal responsibility to help protect water quality.
4. It is important to protect water quality even if it slows economic development.
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5. What I do on my land doesn't make much difference to overall water quality.
6. My actions have an impact on water quality.
7. It is okay to reduce water quality to promote economic development.
8. It is important to protect water quality even if it costs me more.
9. I would be willing to pay more to improve water quality. (for example: through local taxes or fees)
10. I would be willing to change the way I manage my stormwater runoff to improve water quality.
11. The quality of life in my community depends on good water quality in local rivers and streams.

Rain barrel adopters were more likely to strongly disagree that “it is okay to reduce water
quality to promote economic development.” (Sig.= .000. Mean value: 2.03 non-adopters; 1.61
rain barrel adopters), and more likely to strongly agree that “it is important to protect water
quality even it if costs me more.” (Sig.= .000. Mean value: 3.64 non-adopters; 3.98 rain barrel
adopters), “I would be willing to pay more to improve water quality.” (Sig.= .000. Mean value:
3.38 non-adopters; 3.81 rain barrel adopters) and “I would be willing to change the way I
manage my stormwater runoff to improve water quality.” (Sig.= .000. Mean value: 3.82 nonadopters; 4.07 rain barrel adopters). Rain barrel adopters were also more likely to agree with the
following statements: “It is important to protect water quality even if it slows economic
development” (Sig.= .017. Mean value: 4.02 non-adopters; 4.18 rain barrel adopters) and “It is
my personal responsibility to help protect water quality” (Sig.= .047. Mean value: 4.19 nonadopters; 4.32 rain barrel adopters). Rain barrel adopters were also more likely to disagree that
“What I do on my land doesn't make much difference to overall water quality” (Sig.= .001. Mean
value: 2.21 non-adopters; 1.92 rain barrel adopters).
2.3.3.4 Barriers for Adoption and Maintenance of Rain Barrels
Non-adopters identified “cost” (20.8%, n=154), “don’t know how to do it” (18.4%,
n=174), and “time required” (18.0%, n=161) as the top three factors limiting them “a lot.” In
addition, among non-adopters there was a high percentage of “don’t know” responses to “the
features of my property do not support it (35.0%, n=206)” and “insufficient proof of water
quality benefit” (40.4%, n=203).
As section 3.2.2 showed, over half of rain barrel adopters indicated “not at all” to most of
the listed constraints for using a rain barrel. A few of them identified “equipment malfunction”
and “water pressure issues” as the factors influencing them a lot. “Cost of maintenance” was the
least important constraint. In addition, Full Maintainers were less likely to identify “insufficient
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proof of water quality benefit” as their constraint than Partial Maintainers (Sig.= .026. Mean
value: 1.01 Full Maintainers; 1.10 Partial Maintainers).

2.4

Discussion
This research finds that rain barrel adopters are different from non-adopters in their

attitudes towards the environment and knowledge about urban SMPs as hypothesized, but not in
their awareness about local water quality issues. In other words, positive attitudes and good
knowledge about urban SMPs are most positively associated with adoption, which aligns with
findings from other urban SMPs researches (Brehm et al., 2013; Newburn et al., 2013) and other
attitude-behavior literatures (Bamberg & Möser, 2007; Barr, 2007; Hines et al., 1987; Stern,
2000). The results regarding awareness about local water quality issues are inconsistent across
the groups studied: adopters are more likely to identify sources of water pollution, while nonadopters are more likely to identify water impairments. However, non-adopters have a higher
percentage of “Don’t know” responses in all of the 38 variables measuring their awareness about
local water quality. It implies non-adopters’ knowledge about local water quality issue is lower
than adopters’ knowledge (Hu & Morton, 2012). Additionally, all of the interviewees from the
Salt Creek watershed who installed their rain barrels mentioned being engaged with
environmental or community issues; this indicates a high awareness towards the environment
and commitment to community among these interviewees. It is also consistent with previous
research on the diffusion of urban conservation practices: individuals who actively participate in
community activity are more likely to share information with others (Martini, Nelson, &
Dahmus, 2014).
Socioeconomic and demographic variables, such as age, income, education, and related
experience, which are proxy indicators for human capital formation, do influence landowners’
capacity to adopt agricultural conservation practices (Prokopy et al., 2008). Importantly, this
research shows that adopters and non-adopters of urban SMPs are significantly different with
respect to certain human capital variables. Residents who have at least a 4-year college degree,
who own their property rather than rent, and whose residential lot size is greater than one acre,
are more likely to adopt urban conservation practices. People with higher education levels tend
to feel more responsibility about the environment outside their neighborhood (Hines et al., 1987;
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Syme, Nancarrow, & Jorgensen, 2002), which could explain the higher percentage of adopters
with at least a college degree. Most of the adopters owned their property in the study area,
confirming that people who own their land have more autonomy for making changes (Baptiste,
Foley, & Smardon, 2015). People who live on residential lots greater than one acre are more
likely to adopt the practice; one explanation for that might be that people with larger residential
lots want to reduce water use in their larger yard. However, few studies of urban conservation
practices have shown this association between residential size and adoption of practice, and as
such it deserves further study.
The research finds that economic cost and lack of how-to knowledge related with the
practice are important factors limiting adoption in the Wabash watershed. This implies that the
partial cost share and installation assistance provided by the cost-share program are important for
promoting the adoption of rain barrel, which is consistent with evidence from the Washington
DC area (USEPA, 2008), Chicago (Ando & Freitas, 2011), and Syracuse (Baptiste et al., 2015).
In addition, the economic benefits are a more important motivator for adopting a rain barrel than
the environmental benefits. More adopters indicated that “reducing water use in their yard” was a
more important motivation that to “improve water quality”. From another perspective, adopters
care more about water quantity than water quality issues, this might explain the inconsistent and
conflicting results of adopters and non-adopters with respect to awareness of water quality
issues. Moreover, most adopters said they used the stored water to irrigate a vegetable or flower
garden and all of the interviewees were gardeners. This characteristic of adopters identifying as
gardeners is consistent with previous research (Newburn et al., 2013). It should be noted that
while water quantity was not classified as an environmental issue in the humid Midwest, it may
very well be considered an environmental issue in other regions, especially in the arid western
United States.
In contrast to our hypothesis, this research finds no significant difference between Full
Maintainers and Partial Maintainers in their awareness about local water quality issues and
attitudes towards the environment. The only significant difference between the two types of
Maintainers is their view of “insufficient proof of water quality benefit”, which Full Maintainers
are less likely to see as a constraint. Therefore, little evidence from this comparison could be
drawn on to make strong predictors for motivation of good maintenance. However, the interview
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data found that six out of eight adopters who received an assessment score of 0 mentioned
“inconvenience” as their concern for using the practice, which is a common factor influencing
discontinuance.
Differences in maintenance conditions between the two different watersheds could imply
the impact of other exogenous factors. For example, the Salt Creek watershed has a statistically
significant lower average assessment score than the Wabash watershed. This could be explained
by the fact that the cost-share program in the Salt Creek was implemented in 2008, while in the
Wabash it was implemented in 2012. The longer time lapse in the Salt Creek also allowed for
more changes in homeownership: at least 10 of the 47 addresses in the Salt Creek received a
score of 0 because the residents who had purchased and installed the rain barrel had moved
away. Also, in the Wabash watershed, stands are usually sold alongside rain barrels. This was
not the case in the Salt Creek watershed. The absence of the stands may explain why the Salt
Creek rain barrels received more scores of 2 and fewer scores of 3, as some homeowners might
be unaware that they need to elevate their rain barrel. What’s more, because the design of the
Salt Creek rain barrels requires the use of exit hoses and the design of the Wabash rain barrels
does not, the Salt Creek rain barrels had to overcome an additional assessment criterion to
receive a score of 3. Finally, informational signage was displayed only in the Wabash watershed,
where a higher average assessment score was observed in adopters with signs than those adopters
without signs in the area.
This result could be explained by the “commitment” phenomenon, where those who
performed a small initial action were much more likely to agree to a subsequent larger action.
This finding has been observed numerous times, such as in written commitments for recycling
(Pardini & Katzev, 1984), public commitment for conserving energy (Pallak, Cook, & Sullivan,
1980), and stickers on curbside recycling containers indicating commitment for sustainable
action (McKenzie-Mohr & Schultz, 2014). In this case, the initial action was installing the rain
barrel and agreeing to display an informational sign. Having the sign clearly displayed subtly
alters residents’ views on watershed management: they begin to see themselves as someone who
is an “Eco-Champion” and is “protect[ing] the Wabash River,” as the sign reads. Signs publicly
shown on their properties also have social diffusion effect, as friends and neighbors of the
adopters will learn about the practice when the sign is visible.
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2.5

Conclusion
Understanding the social and human dimensions of water resources management is an

essential component to the design, promotion and management of successful local and regional
water projects. This research explored the social and human factors motivating urban-suburban
residents to adopt and maintain rain barrels in two Indiana watersheds. The results of
measurement of social indicators, including awareness, attitudes, constraints, and behaviors over
time, can assist resource managers in making informed decisions and implementing effective
practices that ultimately lead to water quality improvement and protection.
This study found that people with more positive attitudes towards the environment and
higher levels of knowledge about practices are more likely to adopt practices. This implies that it
is necessary for practitioners to conduct education programs that spread knowledge of
conservation practices, especially emphasizing the economic benefits of the practice as well as
the environmental benefits. Additionally, gardeners with the intention to reduce water use in
their yard could be the most likely potential adopters in the future. Moreover, for good
maintenance of the practice, it is recommended that only well designed practices together with
all related accessories are sold to adopters. Finally, it is strongly recommended that adopters are
encouraged to display informational signage stating their use of the practice and support of the
local environment. While future research should attempt to carefully control attributes of people
with signage and people without signage in order to better understand the relationship between
signage display and practice maintenance, the significant difference between average assessment
scores of people with signs and that of people without signs implies a potential strategy for
improving practice maintenance over time.
Most importantly, further investigation on the differential influences of economic versus
environmental benefits for promoting adoption of conservation practices is needed. Future
research should also focus on the factors influencing discontinuance of practices over time, as
35% of the Salt Creek rain barrels were discontinued after only five years of use and 25% and
29% of the Wabash rain barrels were absent after two and three years of use, respectively. It
appears that over time certain “inconvenience” factors, which were mentioned repeatedly by the
interviewees in the study area, make rain barrel maintenance unfeasible or undesirable.
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PERCEPTIONS OF URBAN SMP IN PUBLIC AND
PRIVATE AREAS

3.1

Introduction
Stormwater runoff is a dominant cause of urban water problems, including the

degradation of water quality, disruption of hydrologic function, and disturbance of biological
habitat (Christopher J Walsh et al., 2005). Urban stormwater runoff carries pollutants, such as
excess fertilizers and pesticides used on residential lawns and toxic chemicals from business and
industrial areas, over roads, streets, parking lots and other impervious surfaces, and into streams,
rivers, lakes, wetlands and groundwater (USEPA, 2017). The most recent National Water
Quality Inventory Report recognized urban runoff as the leading source of water quality
impairments to surveyed estuaries (USEPA, 2009b). Walsh et al. (2012) identified urban
stormwater runoff as an environmental flow problem, which increases frequency of overland
flow and magnitude of peak flow during stormwater events. This environmental flow problem
has a negative impact on water quality due to elevated concentrations of sediments and
pollutants. In addition, poorly managed urban stormwater runoff increases the public’s
vulnerability to flood hazards (Konrad, 2003) and risk of waterborne diseases (Gaffield et al.,
2003). Conventional combined drainage systems consist of catch basins and end-of-pipe
structures that deliver water to nearby water bodies, however these have caused severe issues of
bank erosion, channel morphology and downstream flooding (National Research Council, 2009),
as well as exacerbated hydrological disturbance.
Urban stormwater management practices (SMPs), such as rain barrels, rain gardens, and
pervious pavement, can reduce peak volume and velocity of stormwater runoff to streams
(USEPA, 1999). These practices are suitable for capturing, detaining, and infiltrating stormwater
runoff on lot-size sites. Because these urban SMPs are installed predominantly on lot-size areas,
they are also called decentralized practices, as compared to conventional drainage solutions that
typically entail a centralized water treatment system. A rain barrel is a kit used to collect and
store rainwater via a downspout from a rooftop. One 55-gallon rain barrel, which can be filled in
a one-quarter inch rainfall event, would save up to 1000 gallons of water from a typical singlefamily residential home rooftop (1,000 square feet) with two inches of rainfall (Sustain Dane,
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2017). A rain garden that is designed to capture one inch of roof runoff could retain 99% of
rainwater from 1,150 square feet of a roof, while filtering the majority of pollutants (Dietz &
Clausen, 2005). Pervious pavement, consisting of either gravel infill (Gilbert & Clausen, 2006)
or concrete paver blocks (Collins et al., 2008), resulted in lower runoff volume and pollutant
concentration than asphalt driveways.
Though a significant number of studies are available on the benefits of urban SMPs, only
a few studies have investigated individuals’ perceptions about the approach and factors that
influence its adoption. We identified 235 studies about urban SMP implementation published
from 1982 to 20175 and performed an automatic content analysis6 to determine prevalent
themes. We found that over half of the papers focused on the engineering design of practices,
and the most frequent thematic word from these papers was “model.” The models described in
these studies are mostly used to assess the effectiveness of urban SMPs for addressing the
impacts of land use change and climate change. However, the actual effectiveness of urban
SMPs is dependent on adoption rates reaching a critical mass. Our research focuses on social
dimensions of urban SMP implementation and explores perceptions of a local waterbody that we
argue represents environmental awareness and sense of responsibility for water resource
protection. In this study, we measure public opinion on urban SMPs and analyze perceptions
towards a local water body over the last decade through longitudinal social indicator surveys. We
answer the following questions:





5

What are the concerns of individuals regarding the integration of urban SMPs into public
space?
What are the concerns of individuals regarding the implementation of urban SMPs on
their own properties?
What are the implications of longitudinal public perceptions of the local river on water
resource management?
Is there a relationship between public perceptions of the river and adoption of urban
SMPs?

Search words included terms specific to: 1) urban SMPs (stormwater conservation practices, best management
practices, green infrastructure, low impact development); 2) the decentralized lot-scale (residential, household,
urban); and 3) individual actions (adoption, implementation, installation). The search did not limit journal sources,
publication year, or document types; however, we searched for English only sources. The initial search retrieved 412
studies, and 177 were excluded as irrelevant through examination of each abstract.
6
Automatic content analysis is a text-parsing machine learning tool, using probabilistic topic model algorithms to
discover the thematic composition of a body of literature (Nunez-Mir et al., 2016).
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We assess public opinion on urban SMPs through the examination of attitudes towards
the integration of practices into public areas, perception of practices’ features or benefits,
concerns about adopting the practices, and opinions of the regulations and policies relevant to
urban SMPs. We evaluate public perception of the local river by measuring environmental
awareness of local water quality issues, local improvement efforts, and sense of personal
responsibility. We then examine if there is a difference between people with different
experiences with urban SMPS and their attitudes towards the river. We hypothesize that people
who currently use urban SMPs will be more likely to perceive positive benefits from the
practices and feel a sense of responsibility to protect the river. People who are somewhat familiar
with the practices will perceive certain concerns towards the practices and feel less responsibility
toward the river. The results inform our recommendations for water resources planners to
promote the adoption of urban SMPs and improve water resource management.

3.2

Background

3.2.1 Challenges of Urban Stormwater Management
Urban SMPs employ control and treatment measures to mitigate water runoff and break
down pollutants using a natural approach. Decentralized urban SMPs, also called parcel-size or
lot-size practices, mimic natural processes by containing, harvesting and filtering water through
practices such as native planting, rain barrels, rain gardens, bioswales, pervious pavement and
green roofs. Urban SMPs are known by diverse names around the world: they are often known as
stormwater Best Management Practices (BMPs) and Low Impact Development (LID) in the US,
Sustainable Urban Drainage System (SUDS) in the UK, Alternative Techniques (AT) in France,
Water Sensitive Urban Design (WSUD) in Australia, and Green Infrastructure (GI) in many
other countries (see the evolution of these urban drainage terms in Fletcher et al., 2015).
Marsalek and Chocat (2002) recognized that the adjectives “best,” “alternative” and
“sustainable” are not well defined in each term, and such terms do not always represent identical
concepts: they could refer to individual or grouped measures for stormwater management or for
the entire drainage system. This paper will use urban stormwater management practices (SMPs)
to represent rain barrels and rain gardens studied in this research.
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Researchers have explored challenges of urban stormwater management through an
institutional (top-down), rather than individual lens. Traditionally, top-down approaches are used
to investigate obstacles to urban SMPs by first examining challenges that stem from institutional
structures and then looking at how those structures influence policies and programs. Roy et al.
(2008) identified technical problems of urban SMPs, such as performance uncertainty and
insufficient engineering standard, as well as institutional barriers, including lack of legislative
regulations, fragmented governmental responsibilities and inadequate funding. Notably, the
authors found that both practitioners and the general public were resistant to SMP
implementation. The reasons they identified included cost penalty risk, risk of failure, and
maintenance requirements. However, the factors influencing the public’s resistance to change
were not well explored in the Roy et al. (2008) study. Other research has concluded slight
differences in barriers to SMP implementation. Through an extensive literature review, Brown
and Farrelly (2009) concluded that socio-institutional barriers, such as institutional inertia and
complex institutional framework, rather than technical barriers, were major challenges to urban
SMP implementation. Dhakal and Chevalier (2017) found most implementation obstacles were
from “cognitive limitations and socio-institutional arrangements” (page 172), including
hierarchical policy barriers (i.e., federal, state, city), resource barriers (i.e., financial resources,
human resources, information resources), and cognitive barriers (i.e., cost and performance risk,
reluctance to change, unawareness, etc.). These studies synthesized challenges for urban
stormwater management largely from a political and governmental perspective (Chaffin et al.,
2016; Fitzgerald & Laufer, 2017; Irga et al., 2017; Keeley et al., 2013). However, such top-down
methods neglect a consideration of the public’s acceptance and concerns regarding the
implementation of SMPs. Indeed, few empirical studies have examined concerns and issues
individuals might encounter when implementing decentralized urban SMPs in both private
property and public spaces. Mankad and Tapsuwan (Mankad & Tapsuwan, 2011) summarized
research on understanding the social drivers of decentralized water systems is needed, especially
public attitudes and adoption behaviors towards urban SMPs. Investigating people’s attitudes
towards urban SMPs fills an important research gap – understanding public perceptions can
inform effective urban SMP programs and policies that may increase adoption on private land
and increase acceptance for SMPs in public spaces.
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3.2.2 Environmental Behavioral Theories
Investigating the perspective of individual decision-makers provides a basis to understand
motivations and barriers toward the adoption of urban SMPs. Behavioral studies have explored
factors that influence action from normative and cognitive approaches. This study utilizes a
combination of normative and cognitive theories to understand people’s attitudes towards a local
river, people’s sense of responsibility to water resource protection, environmental awareness, and
attitudes towards urban SMPs.
Normative behavior models emphasize the role of values and their consequential
personal norms that feed into pro-environmental action. In this model, pro-environmental
behavior is the result of personal norms that are formed by awareness of consequences of not
acting, sense of responsibility or moral obligation to the environment, environmental concern,
etc. Normative behavior models include Dunlap and van Liere's (1978) New Environmental
Paradigm (NEP), Schwartz’s (1977) Norm Activation Theory (NAT), and Stern’s (1999)ValueBelief-Norm (VBN) theory. Stern’s (2000) Attitude-Behavior-Context (ABC) model
incorporates contextual factors (e.g., interpersonal influences, community expectations,
institutional factors, physical constraints, monetary incentives and costs, etc.) into the attitudebehavior association, which may compel the behavior (positive attitude toward behavior) or
prohibit the behavior (negative attitude toward the behavior). Public awareness of water quality
issues, sense of responsibility to water resources, and attitudes toward urban SMPs are important
factors that influence individuals’ adoption of practices. Additionally, research suggests place
attachment (Alam, 2011; Brody, Highfield, & Alston, 2004) and environmental awareness (Gao
et al., 2016; Hines et al., 1987) can be precursors for pro-environmental behaviors. This study
uses these factors to inform future water resource management plans and programs, and to
recommend strategies to increase adoption of urban SMPs.
By contrast, cognitive behavior models show that people’s intentions will predict their
behaviors. Well-known cognitive behavior models include the Theory of Reasoned Action
(TRA) and the Theory of Planned Behavior (TPB). Ajzen and Fishbein's (1980) TRA states that
people’s intentions are a function of their attitudes towards behavioral and subjective norms.
Ajzen’s (1991) TPB model added an additional component – an individuals’ perceived
behavioral control, which is determined by actual control including skills/abilities, resource
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availability, and other environmental factors. The theory is now called the Reasoned Action
Approach (RAA) in Fishbein and Ajzen’s (Fishbein & Ajzen, 2011) most recent publication.
The focus of the RAA cognitive behavior model is the relationship between intention and
behavior through actual behavioral control. Using a cognitive behavior approach to understand
decision-makers’ intention of adopting urban SMPs would entail measuring their attitudes
towards the practices, as well as their perceived skills in implementing and using the practices.
This thereby would illuminate challenges to SMP adoption that could inform decisive factors for
their implementation.

3.3

Data Collection and Analysis

3.3.1 Context: study area
This research was conducted in Tippecanoe County, Indiana, where the Region of the
Great Bend of the Wabash River watershed (hereinafter, the Wabash Watershed) covers much of
the area. The County’s population is predominately located in the cities of Lafayette and West
Lafayette, which span the banks of the Wabash River.
Before the time of European settlement, one tribe of the Miami natives known as the
“Wea” inhabited the plain of what is now Tippecanoe County (Master Plan for the Wabash River
Urban Corridor, 2011). The name of the Wabash River originally comes from their tribe’s
language “Waapaasiiki Siipiiwi,” and translates to “White shining river,” which means the bright
limestone bottom of the river (McCafferty, 2001). Through the 19th and 20th centuries, the
clarity of this white shining riverbed gradually became invisible due to pollution and sediment,
as settlers viewed the river as a place to dump waste (Master Plan for the Wabash River Urban
Corridor, 2011). In the last decade, Tippecanoe County’s population increased by 15% according
to the US census – from 160,123 in 2006 to 188,059 in 2016. Rapid urban growth has negative
consequences on the local environment, including watershed drainage and water quality. Indeed,
the Wabash River has been listed on the Environmental Protection Agency 303(d) impaired
waters list since 2002 (Wabash River Watershed TMDL Report, 2006). In 2003, the Wabash
River received more than 84 million gallons of combined stormwater and wastewater due to 92
occurrences of combined sewer overflows (Region of the Great Bend of the Wabash River
Watershed Management Plan, 2011). According to the water quality data collected, “the Wabash
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River did not consistently comply with the state’s water quality standards” (Region of the Great
Bend of the Wabash River Watershed Management Plan, 2011, p.105). Such impairment feeds
into the need for water resource protection practices and behaviors.
During the past decade, the Wabash River Enhancement Corporation (WREC) has
worked together with university and community partners to revitalize the Wabash River. The
goals identified by WREC’s steering committee include improving water quality, restoring
natural habitats, sustaining economic development, and increasing public accessibility. (Region
of the Great Bend of the Wabash River Watershed Management Plan, 2011). In 2006, WREC
initiated the River Vision project to gather opinions for the Wabash River corridor management
within the urban cores of Lafayette and West Lafayette (Thompson et al., 2011). In 2008, WREC
contracted with the Indiana Department of Environmental Management (IDEM) to implement a
Section 319 Non-point Source Program (319 program). Since 2009, WREC has recruited
volunteers to conduct a snapshot assessment of water quality through the Wabash Watershed,
monitoring water temperature, turbidity, nutrient levels, and pathogen concentrations (Church et
al., 2018; Muenich et al., 2016). In 2012, the 319 program began to fund households, non-profit
organizations, businesses, and municipalities, to install urban SMPs including rain barrels,
bioretention facilities (including rain gardens and bioswales), pervious pavement, and native
plantings. In 2015 and 2016, WREC started to conduct inventory assessment on performance of
installed practices (Gao et al., 2016) . By the summer of 2017, over 900 rain barrels and 160 rain
gardens/bioswales had been installed in the study area. Long-term watershed management efforts
of WREC have included the river development plan, the 319 program, and educational events.
WREC’s approach to watershed management included increasing public attention to and
understanding of the Wabash River to positively influence the public as partners in restoring and
maintaining watershed health.
3.3.2 Survey
Since 2006, Purdue University in partnership with WREC has conducted several surveys
on Tippecanoe County residents’ perceptions of and attitudes towards the Wabash River and
water resource issues, as well as stormwater management practices (Prokopy, Molloy,
Thompson, & Emmert, 2010; Thompson et al., 2013). The 2006 survey (see Appendix A) was
designed to gather opinions on the Wabash River. Subsequent surveys conducted in 2009, 2014
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and 2016 aimed to track changes in public perceptions and experiences over time. Moreover, the
2014 and 2016 surveys examined the overall effectiveness of WREC’s water programs, which
were designed as pre-post surveys for measuring change before and after WREC programming.
Therefore, most of the 2014 survey questions were retained the same in the 2016 survey. In
addition to new questions that addressed opinions on urban SMPs, two statements from the 2006
survey and seventeen from the 2009 survey were incorporated into the 2016 survey.
The samples for all the surveys were randomly selected from the residents in Tippecanoe
County using a mailing list purchased from Survey Sampling International. The Dillman (2014)
Tailored Design Method was used to contact residents on the address list up to five times. Table
8 displays the collection method, sampling method, and response rates for the 2006, 2009, 2014
and 2016 surveys. The number of surveys received excludes duplicated and invalid responses.
Table 9 displays different sections of question instruments in 2016 Survey; for example, opinions
about the environment were measured by asking survey-takers about thirteen statements, which
covered aspects of cognitive and normative behavioral theories including environmental
awareness, sense of responsibility, and social norms.
Table 8 Survey Collection, Sampling Method, and Response Rate
Survey
2006 Wabash River
Survey

Collection method
mail survey

Sampling method
simple random sample
(n=1000)

2009 Your views of
Wabash River

mail survey

simple random sample
(n= 850)

2014 Wabash River
Residents Survey

mail survey

simple random sample
(n=1100)

2016 Wabash River
Residents Survey

mail survey; in-person
drop-off and pick-up
for single family homes
after first reminder
postcard sent

simple random sample
(n=1000)

Response rate
37.9% (n=352, % not
including 72 bad
addresses)
39.4% (n=309, % not
including 66 bad
addresses)
27.4% (n=278, % not
including 87 bad
addresses)
31.4% (n=255, % not
including 189 bad
addresses)
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Table 9 Selected 2016 Wabash River Residents Survey Questions
Measure
Perceptions of water
pollution sources

Aspect of Theory
environmental
awareness

Question
How much of a
problem are the 18
listed sources in local
area?

Opinions about the
environment

environmental
awareness, sense of
responsibility, social
norms
environmental
behavior/activity

Level of agreement or
disagreement with 13
statements

sense of responsibility,
environmental
awareness, place
attachment
behavior control/selfefficacy (skills,
abilities, knowledge,
resources, etc.),
perceived attitudes

Level of agreement or
disagreement with 19
statements

Practices to improve
water quality

Attitudes towards the
river

Opinions about urban
SMPs

Level of experience
with 12 listed practices

Level of agreement or
disagreement with 35
statements (rain
barrels), 44 (rain
gardens), 7 (pervious
pavement), and 7
(native planting)

Scale
4-point Likert: 1 = not a
problem, 2= slight
problem, 3 = moderate
problem, 4 = severe
problem
5-point Likert: 1 =
strongly disagree, 3 =
neutral, 5 = strongly
agree
4-point Likert: 1= never
heard of it,
2=somewhat familiar
with it, 3=know how to
use it but not using it
4=currently use it
5-point Likert scale: 1
= strongly disagree, 3 =
neutral, 5 = strongly
agree
5-point Likert scale: 1
= strongly disagree, 3 =
neutral, 5 = strongly
agree

Analysis included descriptive statistics that summarized the mean and frequency of each
close-ended question, chi-square tests to compare nominal variables, independent t-tests to
compare ordinal variables, and ANOVA tests to compare the variance of multiple groups.

3.4

Results

3.4.1 Demographics of Survey Respondents
Table 10 outlines the demographic profile of survey respondents. The average age of
2016 respondents was 56.5 years, with a range in age from 19 to 98 years (n=231), and 2006,
2009 and 2014 respondents were also middle aged on average. Females encompassed 50.6% of
2016 respondents; 49.4% were male (n=233). This indicated an increasing portion of female
respondent as compared to 2006, 2009 and 2014 respondents. Almost half of 2016 respondents
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(49.5%) had earned a bachelor’s degree or higher (n=236), and this was not significantly
different from 2006, 2009 and 2014 respondents. The majority of 2016 respondents (83.7%)
owned their homes, while 16.3% were renters (n=239). Most of the 2016 respondents lived on a
quarter acre or less (63.0%), while none lived on lots larger than five acres (n=227).
As compared to 2015 Tippecanoe County demographics (U.S. Census Bureau, 2015),
sampled survey respondents on average were a group of more educated, older, homeowners (see
Table 11). The age statistic is reasonable, as the survey required that persons under 18 years
could not take the survey, while the 18 years or younger age group accounts for nearly 21% of
the total population in Tippecanoe County.
Table 10 Demographics of Survey Respondents in 2006, 2009, 2014 and 2016

Age: average
Gender: male
Education: bachelor or higher
Ownership: owned
Residential lot size: ¼ acre or less

2006
57.3
64.6%
46.3%
NA
NA

2009
57.0
66.3%
41.4%
NA
NA

2014
60.4
61.2%
55.1%
88.2%
67.4%

2016
56.5
49.4%
49.5%
83.7%
63.0%

Table 11 Demographics of Survey Respondents and Tippecanoe County Residents

Age: median
Gender: male
Education: bachelor or higher
Ownership: owned

Survey Respondents
58
49.4%
49.5%
83.7%

Tippecanoe County Residents
27.9
50.9%
35.2%
52.5%

3.4.2 Public Awareness of Water Resources Protection
As Stern’s (1999) VBN theory states, environmental awareness is a precursor for
individuals’ environmental decisions. The study used residents’ perceptions about the
environment and attitudes towards the Wabash River as a measurement of environmental
awareness, including their general environmental attitudes, their perceptions of stakeholders’
roles in water resource protection, the ways they interact with the Wabash River, water pollution
sources, etc.
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3.4.2.1 Longitudinal Perceptions towards the Wabash River
Responses on ten of nineteen statements regarding attitudes toward the Wabash River in
2016 survey were significantly different than those in 2006 and 2009 surveys (see Table 12).
“Significant differences” indicate that differences are statistically significant (meaning that they
are unlikely to have occurred by chance) at the p<.05 level. For questions with a “don’t know”
response option, significance was calculated without accounting for such responses. As
compared with 2006 and 2009 survey responses, the 2016 respondents were more likely to value
the importance of the river, agreeing that individuals should take a role in protecting the Wabash
River, that funding to fix and revitalize the Wabash River is important, and that the river has the
potential to improve. However, respondents were less likely to recreate along the Wabash in
2016 as compared with 2009.
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Table 12 Attitudes towards the River in 2006, 2009 and 2016

Attitudes towards the river

Year

Mean (n)

2006

4.00 (n=344)

2016

4.17 (n=237)

2009

4.17 (n=287)

2016

4.41 (n=239)

I like outdoor activities, but I don’t recreate along the
Wabash.

2009

3.50 (n=289)

2016

3.80 (n=235)

The Wabash is too big of a mess to fix without federal
money.

2009

3.13 (n=258)

2016

2.82 (n=191)

I don’t need to get involved because other people are
taking care of the problems with the Wabash.

2009

2.65 (n=277)

2016

2.48 (n=227)

There is potential to make the Wabash a more
accessible place for recreation.

2009

4.12 (n=288)

2016

4.25 (n=232)

2009

4.09 (n=292)

2016

4.33 (n=239)

Improvements to the riverfront have helped bring people
back to downtown.

2009

3.44 (n=258)

2016

3.83 (n=213)

Local funding to revitalize the Wabash is a great
investment in our future.

2009

3.89 (n=284)

2016

4.11 (n=229)

It is important for community members to take an active
role in determining the future of the Wabash.

2009

4.04 (n=292)

2016

4.19 (n=234)

The Wabash River is important to me.
The Wabash River is a symbol of the region.

I like having a river in town.

t

Sig. Diff.

-2.5081

0.0125

-3.5137

0.0005

-3.4443

0.0006

2.7908

0.0055

2.2954

0.0221

-2.1554

0.0316

-3.8876

0.0001

-4.6156

0.0000

-2.7941

0.0054

-2.3352

0.0199

Note: t: t test value.

Responses on three out of thirteen statements that asked about opinions about the
environment in 2016 surveys were significantly different as compared with those in 2014 (see
Table 13). Although 2016 respondents were less likely to agree that their own personal actions
can influence local water quality and that it is their personal responsibility to help protect water
quality, levels of agreement with these sentiments were still fairly strong. The same was true for
attitudes toward water quality.
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Table 13 Opinions about the Environment in 2014 and 2016

Opinions about the environment

Year

Mean (n)

The way that I care for my lawn can influence water
quality in local rivers and streams.

2014

4.05 (n=251)

2016

3.82 (n=249)

It is my personal responsibility to help protect water
quality.

2014

4.20 (n=252)

2016

3.96 (n=250)

It is important to protect water quality even if it slows
economic development

2014

4.04 (n=253)

2016

3.82 (n=249)

t

Sig. Diff.

3.2683

0.0012

3.6782

0.0003

3.0144

0.0027

Note: t: t test value.

Reponses on two out of eighteen statements that asked about water pollution sources in
2016 were significantly different as compared with 2014 (see Table 14). In 2016, respondents
were more likely to think that improper disposal of lawn waste, oils and chemicals into storm
drains, and illegal dumping of trash were more of a problem as compared with 2014.
Table 14 Perceptions about Sources of Water Pollution in 2014 and 2016

Perceptions about sources of water pollution

Year

Mean (n)

Improper disposal of lawn waste, oils, and chemicals
into storm drains.

2014

2.64 (n=171)

2016

2.83 (n=186)

2014

2.67 (n=190)

2016

2.87 (n=204)

Littering/illegal dumping of trash.

t

Sig. Diff.

-1.9677

0.0499

-2.2647

0.0241

Note: t: t test value.

Overall, the results indicate that public awareness of water quality issues and personal
sense of responsibility to protect the Wabash River increased over the past ten years. For
example, the 2016 survey respondents were more likely to value the importance of the Wabash
River and were more willing to take responsibility for protecting the river than respondents in
2006 and 2009. In addition, 2016 respondents more strongly agreed that the improvements on the
riverfront have brought people back downtown. Moreover, they were more optimistic that local
funding and federal money will have impacts on increasing river quality and revitalizing the
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riverfront in the future. Noticeably, despite their increasing awareness of water revitalization
efforts, respondents were still less likely to recreate along the Wabash River. As the 2014-2016
pre-post results show, respondents still believed personal actions are important for water quality,
but not as strongly as 2014 respondents. In addition, among the identified sources of pollution,
improper disposal of lawn waste, oils and chemicals, as well as illegal littering were more of a
concern for 2016 respondents.
3.4.2.2 Attitudes of Residents with Different Experiences with Urban SMPs towards the
Wabash River
Normative behavior theories (i.e. NEP, NAP, and VBN) emphasize the importance of
norms on influencing behavior change. People who installed an urban SMP may feel a sense of
responsibility to the local river. In this study, we report on the perceptions of respondents with
different levels of experience with urban SMPs, ranging from being somewhat familiar to
currently using the practice.
To identify respondents with different levels of SMP experience, we asked a prescreening question in the 2016 survey: How familiar are you with rain barrels/rain gardens?
Due to the unbalanced population size of groups of people with different levels of experience
with each SMP, the Levene’s test for homogeneity of variance was used to satisfy the
assumptions of the ANOVA test. After performing ANOVA tests on mean value variances of
perception questions among different groups, Tukey HSD post-hoc tests were conducted to
provide insights into comparisons between specific groups. Table 15 and 16 display the results of
significant differences between groups on their attitudes towards the Wabash River.
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Table 15 Attitudes towards the River, People with Different Experiences with Rain Barrels

Statements

Even if we clean the Wabash,
someone else will just trash it.
I don't know a whole lot about
what the Wabash provides to our
community or myself.
I don't know very much about the
natural processes of the Wabash.
Improvements to the riverfront
have helped bring people back to
downtown.

3.42, 1 2

Owned
Know
one,
how to
Currently
Somewhat
haven't
install
use one
familiar
installed
one but
on my
with them
or no
have
property
longer
not
use it
2.651
2.62
2.232
2.56

3.441

3.282

2.731, 2 2.60

2.89

3.65

3.52

2.93, 

3.33

2.95

4.04

3.84

3.73

4.50

3.28, 

Never
heard of
it

Note: Significant differences =p<.05; =p<.01;



=p<.001

Table 16 Attitudes towards the River, People with Different Experiences with Rain Gardens

3.091, 2

3.561, 

3.322

2.641

Never
heard
of it

Statements

I don't know a whole lot about what the
Wabash provides to our community or myself.
I don't know very much about the natural
processes of the Wabash.
Note: Significant differences =p<.05; =p<.01;

3.301, 2

Know
how to Currently
install
use one
one but
on my
have
property
not
2.291, 1 2.002,2



Somewhat
familiar
with them

2.002, 

=p<.001

People who knew how to install an urban SMP but had not, were more likely to disagree
with the statement “I don't know a whole lot about what the Wabash provides to our community
or myself” than people who were somewhat familiar with the practices (rain barrel: M= 2.73 vs.
3.28, p=0.023; rain garden: M=2.29 vs. 3.09, p=0.032), and people who never heard of the
practices (rain barrel: M= 2.73 vs. 3.44, p=0.050; rain garden: M=2.29 vs. 3.30, p=0.003).
Especially, people who were currently using a rain garden on their property were most likely to
disagree with this statement (M=2.00). People who knew how to install an urban SMP but had
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not, were also more likely to disagree with the statement “I don't know very much about the
natural processes of the Wabash” than people who were somewhat familiar with the practices
(rain barrel: M= 2.93 vs. 3.52, p=0.005), and people who never heard of the practices (rain
barrel: M= 2.93 vs. 3.65, p=0.033; rain garden: M=2.64 vs. 3.56, p=0.004). People who were
currently using a rain garden on their property were most likely to disagree with this statement as
well (M=2.00). In addition, people who had never heard of rain barrels were more likely to agree
with the statement “Even if we clean the Wabash, someone else will just trash it”. The statement
“Improvements to the riverfront have helped bring people back to downtown” is more related to
economic redevelopment than water quality of the river so a discussion of results is excluded
from the discussion.
3.4.3

Perceptions of Rain Barrels and Rain Gardens
People who have different levels of experience with urban SMPs may also have different

perceptions towards the practices. Such perceptions may translate to attitudes that are more or
less supportive of policies that support the installation of such practices on public property or
willingness to install them on their own property. As cognitive behavior theories (i.e.,
TPB/RAA) suggest, decision-makers’ perceived attitudes towards the practices, as well as
behavioral control (i.e., skills/abilities/resources), are determinants for behavioral intent (e.g.,
adoption of rain barrels). In addition to these factors, normative behavior theories (i.e., ABC)
recognize the importance of contextual factors such as institutional policies and monetary
incentives, as an influential part of environmental decision-making.
Respondents who had never heard of the practices were excluded for the following
perception questions that were asked in the four sequential sections: 1) Opinions about
integration of SMPs into public spaces and yards, 2) Concerns of SMPs in terms of their features,
3) Concerns of SMPs on personal property, and 4) Opinions about SMP regulations and policies.
The similar procedures with Levene’s tests, ANOVA tests, and Tukey HSD post-hoc tests were
conducted to understand the different perceptions towards the practices. Tables 17 and 18 display
the results of significant differences between groups on their perceptions of rain barrels and rain
gardens

Table 17 Perceptions towards Rain Barrels

Increase wildlife habitat

2.981

2.98

Owned one,
haven't
installed or no
longer use it
2.401, 2

Function as yard art

3.07

3.16

3.29

3.75

Look too ugly

2.98

2.86

2.40

2.35

Increase the likelihood of bugs and
insects
Are not well maintained

3.441, 2

3.421, 2

2.601, 1

2.652, 2

3.14

3.00

2.67

2.55

Are too difficult to install due to my
physical health
Are too difficult to maintain due to my
physical health
Take skills I don't have to properly
install
Take skills I don't have to properly
maintain

2.83

2.51

2.40

2.20

2.81

2.49

2.40

2.10

3.161, 2

2.361

2.87

2.302

2.981, 2

2.331

2.73

2.202

2.971, 

2.561, 2

2.803

2.00, 2, 3

2.82

2.73

2.40

2.15, 

2.81

2.61

2.33

2.15

2.83

2.59

2.33

2.05

2.75, 

2.47

2.13

2.00

Somewhat
familiar
with them

Statements
Rain barrels should be
integrated into our public spaces
and yards because they…
I am concerned that rain
barrels…

I am concerned that rain barrels
on my property…

Take too much time to maintain
Do not work properly because of my
property's features
Make my property look too different
from other properties in my
neighborhood
Change my property (I want to keep
things the way they are.)
Are something my neighbors wouldn't
like
Note: Significant differences =p<.05; =p<.01;



Know how
to install one
but have not

Currently
use one on
my property
3.102

=p<.001
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Table 18 Perceptions towards Rain Gardens

Statements
Rain gardens should be
integrated into our
streetscapes, public spaces,
and yards because they…
I am concerned that rain
gardens…

I am concerned that rain
gardens on my property…

In my opinion, rain gardens
…

Help improve bicyclist safety because of the way they are
integrated into the surrounding area
Reduce basement flooding
Increase property values
Have insufficient proof of water quality benefit
Decrease property values
Are not a cost-effective way to manage stormwater
Look too weedy
Increase the likelihood of bugs and insects
Are not well maintained
Collect too much trash
Are too difficult to install due to my physical health
Are too difficult to maintain due to my physical health
Take skills I don't have to properly install
Take skills I don't have to properly maintain
Take too much time to maintain
Do not work properly because of my property's features
Change my property (I want to keep things the way they are)
Are something my neighbors wouldn't like
Should be a required component of street and sidewalk design
Should be a required component of parking lots
Should be a required component of new building construction
(not single-family homes)
Should be a component of new multi-family housing
developments


=p<.001

Know how
to install one
but have not
2.931, 2

Currently
use one on
my property
3.862

3.78
3.64
2.82
2.47
2.51
2.77
3.35
3.14
3.02
2.97
2.92
3.35, 
3.13
3.00
3.01
2.73
2.69
3.221
3.421
3.51

3.50
3.36
2.79
2.79
2.43
2.71
3.43
3.29
3.29
2.57
2.57
2.71
2.64
2.57
3.14
2.64
2.43
3.072
3.072
3.07

4.43
4.29
1.86, 
1.71, 
1.71
1.86
2.43
2.14, 
2.14, 
1.86
1.86
2.00
2.00
1.86
1.86, 
1.71
1.71
4.431, 2
4.571, 2
4.43, 

3.43

3.00

4.57, 
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Note: Significant differences =p<.05; =p<.01;

Somewhat
familiar
with them
3.551
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3.4.3.1 Opinions about Integration of urban SMPs into Public Spaces and Yards
Overall, respondents felt positive about integrating rain barrels and rain gardens into
public spaces and yards (strongly agree = 1; disagree = 2; neither agree nor disagree = 3; agree =
4; strongly agree = 5).
Respondents had the strongest agreement to statements that rain barrels should be
integrated into public spaces and yards because of their functional benefits: “reduce water use
for gardening and landscaping” (M = 4.0, n=215, 85% agree or strongly agree,), “reduce
ponding in yards” (M = 3.7, n=215, 66% agree or strongly agree). Environmental benefits
followed: “are a cost-effective way to manage stormwater” (M = 3.7, n=214, 65% agree or
strongly agree), and “help improve water quality by effectively managing stormwater” (M = 3.7,
n=215, 64% agree or strongly agree).
The level of agreement regarding environmental benefits of rain gardens was relatively
higher than rain barrels: “help improve water quality by effectively managing stormwater” (M =
4.1, n=120, 83% agree or strongly agree) and “are a cost-effective way to manage stormwater”
(M = 3.9, n=119, 70% agree or strongly agree). Moreover, respondents reported that rain gardens
themselves add natural beauty into the surroundings: “increase the feeling of nature in the
surrounding area” (M = 3.9, n=120, 77% agree or strongly agree) and “improve the appearance
of the surrounding area” (M = 3.9, n=120, 75% agree or strongly agree).
It found that respondents who had different levels of experience with rain barrels and rain
gardens had differing opinions on several statements. Respondents who were currently using a
rain barrel on their property were more likely to agree that the practice could “function as art”
(M = 3.8 vs. 3.1, p=0.045) and “increase wildlife habitat” (M=3.1 vs. 3.0, p=0.035) than people
who were somewhat familiar with the practice. On the other hand, respondents who owned a rain
barrel but no longer used it were suspicious of its “increas(ing) wildlife habitat” benefit (M =
2.4).
Respondents who were currently using a rain garden on their property more strongly
agreed that the practice could “reduce basement flooding” (M=4.4 vs. 3.5, p=0.023), “increase
property values” (M=4.3 vs. 3.4, p=0.032), and “help improve bicyclist safety” (M =3.9 vs. 2.9,
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p=0.046) than people who knew how to install a rain garden but had not. Moreover, respondents
who currently used a rain garden were not significantly different from people somewhat familiar
with the practice for these three benefit statements.
3.4.3.2 Concerns about Implementation of Urban SMPs on their Own Properties
Overall, respondents did not appear to have concerns about rain gardens and rain barrels.
The highest level of concern for both SMPs was “increase(ing) the likelihood of bugs and
insects” (rain barrel: M = 3.3, n=210, 44% agree or strongly agree; rain garden: M = 3.3, n=120,
47% agree or strongly agree). Respondents were also concerned that rain gardens “are not well
maintained” (M = 3.1, n=120, 32% agree or strongly agree), and “are not allowed due to zoning
regulations/Homeowners Association rules” (M = 3.1, n=119, 23% agree or strongly agree).
Again, it found that concerns between respondents with different levels of experience
with the urban SMPs were varied. Respondents who were currently using a rain barrel were more
likely to disagree that rain barrels “look ugly” (M=2.4 vs. 3.0, p=0.015) and “are not well
maintained” (M=2.6 vs. 3.1, p=0.023) than respondents who were somewhat familiar with rain
barrels. In addition, rain barrel adopters, including people who currently use a rain barrel
(M=2.7) and people own one but no longer use one (M=2.6), more strongly disagreed that rain
barrels “increase the likelihood of bugs and insects” (F (3, 202) = 6.809, p=0.000) than nonadopters, including people who are somewhat familiar (M=3.4) and people who know how to
install a rain barrel but have not (M=3.4).
Respondents who were currently using a rain garden on their property (rain garden
adopters) were more likely to strongly disagree on a number of statements as compared with
respondents who were somewhat familiar with the practice: “are not a cost-effective way to
manage stormwater”(M=1.7 vs. 2.5, p=0.037), “look too weedy” (M=1.9 vs. 2.8, p=0.038), and
“increase the likelihood of bugs, and insects” (M=2.4 vs. 3.4, p=0.036). Moreover, rain garden
adopters were more likely to disagree on the following four statements: “have insufficient water
quality benefits” (F (2, 116) = 5.833, p=0.004), “decrease property values” (F (2, 116) = 5.023,
p=0.008), “are not well maintained” (F (2, 116) = 4.788, p=0.010) and “collect too much trash”
(F (2, 116) = 4.385, p=0.015) than non-adopters, including respondents who were somewhat
familiar with the practice and respondents who knew how to install a rain garden but had not.
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3.4.3.3 Perceived Behavioral Control of urban SMPs
This study also measured respondents’ perceived behavioral control of urban SMPs. The
result indicated several factors that may influence property owners’ decisions to install rain
barrels or rain gardens on private property. These included physical health, skills to install, skills
to maintain, time required, property features, and social norms. Overall, respondents did not
regard these factors as concerns for adoption. The top three concerns of respondents who were
somewhat familiar with rain barrels and rain gardens were, skills to install (rain barrel: M=2.9,
n=212, 28.3% agree or strongly agree; rain garden: M=3.2, n=120, 41.7% agree or strongly
agree), skills to maintain (rain barrel: M=2.8, n=212, 21.7% agree or strongly agree; rain garden:
M=3.0, n=120, 30.9% agree or strongly agree), and time to maintain (rain barrel: M=2.8, n=212,
18.8% agree or strongly agree; rain garden: M=2.9, n=120, 18.3% agree or strongly agree).
People with different SMP experience have varied perceived behavioral control of urban
SMPs. Respondents who were currently using the SMPs did not report skills to install (rain
barrel: M=2.3 rain garden: M=2.0), skills to maintain (rain barrel: M=2.2; rain garden: M=2.0),
and time to maintain (rain barrel: M=2.0; rain garden: M=1.9) as concerns. Noticeably, nonadopters (somewhat familiar: M=3.0, know how to but have not: M=2.6) and discontinued
adopters (M=2.8) of rain barrels more strongly agreed that time to maintain (F (3, 204) = 10.3,
p=0.000) was a concern as compared with current adopters (M=2.0). Respondents who knew
how to install rain barrels and rain gardens but had not adopted them were most concerned that
practices “do not work properly because of my property’s features” (rain barrel: M=2.7; rain
garden: M=3.1).
3.4.3.4 Opinions on Regulations and Policies of urban SMPs
Overall, respondents supported reduced stormwater charges for urban SMP adoption
(rain barrel: M=3.6, n=213, 58% agree or strongly agree; rain garden: M=3.7, n=120, 62% agree
or strongly agree) over installing SMPs at a reduced cost through programs subsidized by the
Environmental Protection Agency (rain barrel: M = 3.3, n=214, 46% agree or strongly agree; rain
garden: M = 3.3, n=120, 51% agree or strongly agree) or local government programs (rain
barrel: M = 3.2, n=213, 42% agree or strongly agree; rain garden: M = 3.2, n=120, 43% agree or
strongly agree).
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People with different rain barrel experience did not have significantly varied opinions
about regulations and policies on providing subsidized practice or requiring it as a component in
new constructions. However, respondents who were currently using a rain garden on their
property were more likely to support regulations to require the incorporation of rain gardens into
streetscapes (F (2, 115) = 6.056, p=0.003), parking lots (F (2, 115) = 6.238, p=0.003), new
building construction (F (2, 115) = 4.902, p=0.009) and multi-family housing development (F (2,
114) = 5.656, p=0.005) than non-adopters.

3.5

Discussions
Although 2016 survey respondents’ belief in the importance of personal action to protect

water quality was slightly lower than those of 2014 survey, respondents’ public awareness of
water quality issues and personal sense of responsibility to protect the Wabash River increased
over the past ten years. This may be because Wabash River revitalization projects, stormwater
conservation programs, as well as community events and educational outreach directed by
WREC, universities and local partners have increased the public’s positive attention to the local
river. While respondents held positive attitudes towards efforts to improve water quality, they
reported that they were less likely to recreate along the Wabash River in 2016 than survey
respondents in 2009. Respondents in 2016 were also more concerned about the improper
disposal of lawn waste, oils and chemicals, and illegal littering as sources of pollution of the
river than survey respondents in 2014. Water pollution is a continuing issue for this research
area, which affects residents’ use of the river. In order to increase recreation in and along the
Wabash River, we suggest continued efforts to not only improve water quality, but to improve
the aesthetics associated with the river (e.g., less litter). Research shows that people involved in
water resource management activities are more likely to support strategies for resource
protection (Larson & Lach, 2008). We therefore recommend that water resource managers
encourage increased public involvement in the local watershed group (WREC) or other waterrelated community activities (e.g., Wabash Sampling Blitz). In addition, environmental
organizations could reach out to local residents through city newsletters, homeowner
associations, and neighborhood groups to reinforce rules for illegal littering or improper lawn
care practices. Environmental-friendly lawn care practices and information about benefits of
urban SMPs could be advocated concurrently. The cities of Lafayette and West Lafayette do
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recognize limited recreation access due to existing private ownership and infrastructure (Wabash
River Enhancement Corporation, 2011). We also recommend implementing additional points of
public connection to the Wabash River and programming for other water-related activities such
as canoeing, hiking, bird watching, fishing, etc. Indeed, research shows that people who
geographically lived closer to a river for a certain time showed greater willingness to participate
in restoration efforts (Alam, 2011), and people who engaged in community-based environmental
stewardship activities contribute to public awareness of environmental issues and restorative
strategies (Krasny, Russ, Tidball, & Elmqvist, 2014). Municipalities or environmental
organizations could implement a community green roof or rain garden that is located proximate
to the river and involve the community in their implementation or maintenance processes such as
planting vegetables or native plants; this thereby may increase their awareness of water quality
issues and contribute to increased attachment to the local river. This attachment may then feed
into increased willingness to protect water resources and support local environmental programs
(Hartig, Kaiser, & Bowler, 2001; Vaske & Kobrin, 2001).
Overall, survey respondents were supportive of the integration of rain barrels and rain
gardens into public spaces and yards due to their functional and environmental benefits. Notably,
respondents tended to regard rain gardens as a more cost-effective means to manage stormwater
and improve water quality in comparison to rain barrels, even though implementation and
maintenance costs of rain barrels are much lower than they are for rain gardens. The reason for
this may be that people perceived more environmental benefits from a rain garden than a rain
barrel due to its natural features. Respondents agreed that rain gardens add nature and beauty into
the surrounding environment, which is consistent with other research that showed urban
residents feel more connected to nature when viewing rain gardens than bioswales (Church,
2015). Furthermore, the amount of urban green space has a positive association with self-rated
health of urban residents (Maas, Verheij, Groenewegen, de Vries, & Spreeuwenberg, 2006). The
results of our study, along with evidence from other research, suggests that when considering the
integration of urban SMPs into public spaces, rain gardens may be an appropriate SMP for which
to advocate due to the public’s propensity for the natural features of the practice. Moreover,
survey respondents who were currently using rain gardens on their property, perceived reduced
basement flooding and increased property values as important benefits. Floress et al. (2017) note
that neither cognitive nor normative behavioral models (i.e., TPB, NAM, VBN) focus on
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economic self-interest as a variable for influencing farmers’ agricultural conservation behavior.
Likewise, urban residents also have economic self-interest when considering SMP adoption.
Functional benefits of SMPs, such as the economic savings of using rainwater from rain barrels
and the effectiveness of managing flooding by using rain gardens, exemplify motivations that fall
within themes of self-interest. Factors of SMP adoption that fit within themes of self-interest
were perceived to be more beneficial than environmental benefits (e.g., improving local water
quality). These results suggest that emphasizing the usefulness and functionality of urban SMPs,
in addition to their environmental benefits, could be a convincing strategy to increase SMP
adoption.
While non-adopters (including people who are somewhat familiar with a SMP and people
who know how to install a SMP but have not) are concerned about the likelihood of increased
insects and bugs due to rain barrels and rain gardens, adopters of these practices did not report
this as a concern. However, such a concern could be defined as a negative behavior-specific
attitude in cognitive behavior models (i.e., TPB/RAA), which would negatively influence
intention to adopt if perceived behavioral control of the issue is low. That is, if people already
lack the knowledge and skills to implement an SMP, their concern about insects and bugs might
prevent them from learning more about the practice, which feeds into their intention to install an
SMP on their own. In addition to providing instructions for SMP installation and clarifying the
estimated time required for maintenance, education and outreach should address issues like
insects and bugs in a convincing way, such as giving them a tour to a well-maintained SMP and
explaining good maintenance steps. In addition, although aesthetics of rain barrels was not a
major concern, non-adopters were more likely than adopters, to think of them as ugly. The study
therefore recommends providing the public more opportunities to paint their own barrels and
promote rain barrels as yard art. Holding informational workshops and “paint the barrel”
activities during the most popular environmental events, such as the Wabash Riverfest and
Tippecanoe County 4H Fair in the study area, could efficiently communicate relevant
information to the public.
Stern’s (2000) Attitude-Behavior-Context (ABC) theory emphasizes the effect of
contextual factors such as institutional policies and monetary incentives on behavioral change.
This study measured people’s attitudes towards hypothetical policies and incentive strategies.
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The results showed that more people supported reducing stormwater fees7 for urban SMP
adopters than receiving reduced cost SMPs through programs subsidized through the
Environmental Protection Agency (EPA) or local government. This indicates the potential for
reducing household stormwater fees as an incentive strategy to promote increased private
adoption of urban SMPs. Moreover, it found that requiring the incorporation of urban SMPs into
streetscapes, parking lots, new constructions and multi-family developments was the least
supported regulation option. EPA has summarized public concerns regarding the implementation
of urban SMPs, including cost concern in comparison to conventional SMPs, effects on ground
drinking water, and public safety issues due to reduced street widths and use of sidewalks when
incorporating SMPs into streetscapes (USEPA, 2009a). However, this study did not explore the
reasoning behind respondents’ lack of support for hypothetical regulations. Further research
could explore public perceptions on contextual factors that influence the implementation of
urban SMPs.
In summary, the results of our study provide recommendations that local municipalities
and organizations can use to improve watershed health. People are generally supportive of the
integration of rain barrels and rain gardens into public spaces and yards due to their functional
and environmental benefits. As for the implementation on their own properties, factors of SMP
adoption that fit within themes of functional interest, such as economic savings of using
rainwater from rain barrels and the effectiveness of managing flooding by using rain gardens, are
perceived to be more important than environmental benefits. Cognitive barriers exist for those
who have yet to adopt the practices, including concerns about effectiveness, maintenance,
aesthetics, and risk of bugs and insects. However, individuals who have adopted the practice are
less likely to have such a discouraging mindset. In addition, people who know how to install a
rain barrel and rain garden report better knowledge about the natural process of the local river,
and they place more value more on the river than those who are somewhat familiar with the
practices. Rain garden adopters especially appreciate what the Wabash River brings them and
care about how the river functions. Having a sense of responsibility towards the river is a
predictor for water resource protection behaviors, which helps inform future water resource

7

A stormwater fee is usually included in monthly water bills, which is the cost of treating stormwater runoff based
on the amount of impervious surface on a property.
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management. We therefore suggest that increased public involvement in environmental
activities, will also increase the public's awareness of local water quality issues, and thereby
influence their willingness to protect water resources. We recommend future research focus on
examining contextual factors such as regulations and program incentives, in addition to the social
drivers addressed in this study. This cumulative information will assist in developing outreach
strategies, regulations and policies to promote urban SMPs and other pro-environmental
practices in the future.
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MOTIVATIONS, BARRIERS, DIFFUSION OF URBAN
SMP

4.1

Introduction
In United States, the proportion of urban population is predicted to reach 87.4% in 2050

(United Nations, Department of Economic and Social Affairs, 2014). The process of
urbanization has resulted in significant land use changes, including increased impervious surface
due to the development of infrastructure and residential buildings. Changes in land use has been
one of the most important anthropogenic influences on the biophysical systems of nature (Kalnay
& Cai, 2003; Pielke et al., 2013). Increased impervious surface due to land use change has led to
tremendous urban stormwater runoff directly flowing into receiving water with little treatment,
which is an on-going threat to the water quality and hydrology (Carle, Halpin, & Stow, 2005;
DeFries & Eshleman, 2004; Kaushal & Belt, 2012). Conventional stormwater drainage system
has been recognized as an inferior approach to manage runoff, since it increases the loads of
pollutants into receiving water bodies carried directly by stormwater runoff (Burns et al., 2012).
As the demand on lands is increasing and the conventional sewer systems is degrading, the
management on reducing the occurrences of combined sewer overflows and the amount of
Nonpoint Source (NPS) pollution from urban areas will become even more challenging.
Compared to the conventional drainage solutions designed to receive runoff from large
contributing areas, urban SMPs have been proven to benefit the natural hydrological process of
urban streams if stormwater are retained in a distributed manner at small-scaled property (Burns
et al., 2012), such as residential lots, streetscapes, parking lots, and building roofs. Even though
the effectiveness of small-scaled urban SMPs on solving stormwater runoff issues has been
identified in empirical studies, the implementation of these practices on decentralized area by
individuals are not well examined. Individuals’ environmental behaviors can have major
consequences on the ecological system. Rain barrels, bioswales, and rain gardens are suitable for
the residential landscape, which can positively influence local water quality in aggregate.
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4.2

Background

4.2.1 Pro-environmental Behavioral Theories
Normative behavioral theories emphasize the moral norms as the motivation for
individuals’ altruistic behaviors, which individuals feel a sense of responsibility to take the
action and they are aware of the consequences for the welfare of others. The first well-known
normative behavioral theory is Schwartz’s (1977) Norm Activation Theory (NAT). Dunlap and
van Liere’s (1978) New Environmental Paradigm (NEP) extensively applied this NAT from
altruistic behaviors into pro-environmental behaviors. In addition to NAT’s social-altruistic
value for guiding environmental action, Stern et al.’s (1999) Value-Belief-Norm further added
the egoistic value and biospheric value. The previous normative behavioral theories have been
criticized by its limit on explaining external and contextual factors (Turaga, Howarth, & Borsuk,
2010). Stern (2000) proposed a more comprehensive theory by incorporating contextual factors
into the Attitude-Behavior-Context (ABC) model, which attitudes compel the behavior in certain
contexts.
Cognitive behavioral theories instead examine a more rational decision making process.
Ajzen and Fishbein (1980) explained the relationship between the behavioral intention and the
actual behavior in their Theory of Reasoned Action (TRA). According to TRA, the intention is
influenced by their attitudes towards the behavior and subjective norm, which subjective norm is
a person perceived about how important others approve or disapprove a specific behavior. Ajzen
(1991) added the perceived behavioral control (i.e., skills, time, knowledge, resources) into TRA
and called it Theory of Planned Behavior (TPB). The theory is now named as the Reasoned
Action Approach (RAA) (Fishbein & Ajzen, 2011). In both normative and cognitive behavioral
theories, certain pro-environmental behaviors are the function of individual’s attitudes and norms
at the condition of contextual and external factors. The difference between these two major
behavioral theories is that normative one assumed the moral norms as the motivation, and
cognitive one treated the behavioral intention as the weighted sum of behavioral, normative and
control beliefs.
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4.2.2 Diffusion of Innovation Decision-Making Model
The tradition of social-psychological research that focuses on attitudes, values, and
norms, has been criticized by its exclusive focus on rational reasoning and limited predictive
validity (Sniehotta, Presseau, & Araújo-Soares, 2014). Another strand of behavioral and
decision-making theories emphasizes the decision process employed by the decider. Rogers’
(2003) Diffusion of Innovation (DOI) theory described its adoption of innovation process in five
stages (knowledge, persuasion, decision, implementation, and confirmation) and how the
communication channels take effects in each stage. The model focuses on monitoring decider’s
behavior change after the adoption of practice at the Confirmation Stage, which is a more
dynamic model than cognitive and normative behavior models.
Rogers’ Diffusion of Innovation (2003) also categorized adopters into different groups
according to their time of adoption: innovators, early adopters, early majority, late majority, and
laggards. Studies that explored the factors influencing innovators and early adopters are mostly
about the marketing of a new product or technology (Chau & Hui, 1998; Dickerson & Gentry,
1983; Diederen, van Meijl, Wolters, & Bijak, 2003; Eastlick & Lotz, 1999; Laukkanen &
Pasanen, 2008; Vijayasarathy & Turk, 2008) and the implementation of a health care practice or
prevention of unhealthy behaviors (Berwick, 2003; Gollust et al., 2011; Marshall, 1989). The
implementation of urban SMPs is relatively time and labor consuming at the installation process,
and requires a commitment for long-term maintenance. Therefore, the determinants for adopting
urban SMPs will be different from purchasing new-technology products. The health care studies
will provide limited evidence for the adoption of urban SMPs as well. Only studies of electric
vehicle or alternative fuel vehicle (Jansson, Marell, & Nordlund, 2009), solar power (Faiers &
Neame, 2006), green electricity (Ozaki, 2011), and agricultural techniques (Feder, Just, &
Zilberman, 1985; Feder & Umali, 1993) are relevant to the adoption of pro-environmental
innovation. This research will enrich the literature on pro-environmental behaviors by applying
innovation decision-making process to understanding the determinants of urban SMPs in study
area.
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4.2.3 Theoretical Framework
4.2.3.1 Individual Decision-Making Process
This research incorporated the normative and contextual variables into Rogers’
innovation decision process to investigate the factors influencing the adoption and maintenance
of practices over time (see Figure 7). In DOI, the characteristics of the decision-making units
including their socioeconomic characteristics, personality variables, and communication
behavior, will influence their knowledge about the innovation (Knowledge Stage), and therefore
influence their perceived characteristics of the innovation dependent on the knowledge
(Persuasion Stage). These perceived characteristics of the innovation are similar to the concept of
behavioral beliefs in the Fishbein and Ajzen’s RAA, which deciders hold their attitudes towards
the behavior. All these perceived characteristics and beliefs will help deciders determine to adopt
or reject it (Decision Stage). In this research, it added the contextual factors (i.e., actual behavior
control, institutional factors, monetary incentives, cost, etc.) and normative factors (i.e.,
subjective norms, moral obligation, aspiration of responsibility, etc.) into the model to propose a
more comprehensive decision process. In addition, after the Implementation Stage, deciders’
perceived characteristics of the innovation will change depending on their experience with the
practice, which is not explicitly depicted as a loop in Rogers’ decision-making model. Therefore,
this research examined adopters’ perceived characteristics of urban SMPs to understand whether
they have different perceptions before and after implementation.
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Normative factors:
(RAA): subjective norms
(NAT, NEP, VAB) moral obligation, aspiration of
responsibility
(ABC) interpersonal influence, community expectation
Contextual factors:
(RAA) perceived behavior control
(ABC) institutional factors, physical constraints, incentives,
costs

Figure 7 Theoretical Decision-Making Model, adapted from DOI
4.2.3.2 Diffusion of Innovation in Communities
Cialdini (2009) states social proof is most influential under two situations: when people
are unsure (uncertainty), people are more inclined to follow the lead of similar others
(similarity). Based on the premise of social proof, there are two main reasons how people change
their behavior due to the real or imaged influence of others (Aronson, 2005). One is
informational social influence; when we do not know what is correct or best (ambiguous) and
seek information from others, which is the need to know what’s “right”. The other is normative
social influence; this happens not because we know that others know better what is going on but
we want to remain a member of the group and conform to the group’s social norm, which is the
need to be accepted. This study assumes that people who have little knowledge about urban
SMPs will seek information from their friends, relatives, co-workers, and neighbors, which is the
informational social influence. This study will not test normative social influence as the adoption
of urban SMPs is relatively low, therefore it has not formed as social norms in the study area.
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Empirical findings have suggested that it’s important to incorporate peer effects and
neighbor effects to examine determinants for the adoption of improved agricultural practices or
technologies (Case, 1992; Foster & Rosenzweig, 1995; Langyintuo & Mulugetta, 2008) and new
energy services (Graziano & Gillingham, 2015; Noonan, Hsieh, & Matisoff, 2013). These peer
and neighbor effects play an important role as the interpersonal communication channel in the
diffusion of innovation process. On the other hand, very few studies in urban SMPs tested the
peer effects on the adopters’ environmental decision making, and few examined neighbor effects
on residential adopters in specific.
To understand the diffusion process of urban SMPs, it’s important to investigate the
influence of interpersonal communication channel among communities. Nevertheless, the
meaning of word “community” has not been academically defined. This ambiguity increased the
difficulty in evaluating characteristics of community. McMillian (1986) states the sense of
community composed of four elements: membership, influence, integration and fulfillment of
needs, and shared emotional connection. This research defined the community as a definite
locality where people share a sense of community based on McMillian’s theory. “People”
variables will be primarily demographics, including gender, race, age, household size, household
income, family size, and population density. “A sense of community” variables will be the
feeling of belonging, the level of communication within the community, the frequency of
socialized events, and public involvement for community development. In this research, it
examined the demographic and sense of community variables to test whether the socioeconomic
factors will influence the diffusion process.
4.2.4 Research Questions
The determinants of the environmental decision making has been a continuous topic in
the social and behavioral science research. This study explores to understand the motives and
concerns towards implementing an urban SMP in residential area, and how the urban SMPs
diffused among communities. Through the lens of proposed theoretical decision-making model
adapted from DOI, this research aims to answer the following questions:
1. What are the motivations for adopting urban SMPs?
2. What are the barriers for adopting urban SMPs?
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3. How do adopters’ perceptions about the urban SMP change after their maintenance?
4. What are the factors influencing the diffusion of urban SMPs among communities?

4.3

Methods

4.3.1 In-person Interviews
Sixteen semi-structured interviews were conducted to understand the motivation,
concern, and diffusion of urban SMPs in the spring of 2017. Participants were recruited by
emails and phone calls from four pre-determined categories. The categorical lists include 62
potential adopters of urban SMPs who requested technical assistance from Wabash River
Enhancement Corporation (WREC), 79 rain barrel adopters who discontinued their practice
based on the 2015 practice assessment inventory, 20 bioretention (i.e., rain gardens and
bioswales) adopters, and 122 residents who answered they saw practices anywhere in the 2016
Wabash River Residents Survey. Emailing was the primary method of contact, but phone calls
were made when emails were not provided. After the recruiting process, sixteen participants
agreed to participate in the interviews, including four from the technical assistance group, three
from the discontinued rain barrel adopters group, seven from the bioretention adopters group,
and two from the survey respondents group. The ages of the participants are between 32 and 84
years. All participants are homeowners of their residential properties, and the length of living
ranges from almost 1 year to over 40 years. All participants have a college degree or above.
An interview guide approach is used to outline the interview questions so that it makes
the data collection systematic but also keeps the interviews in situational conversations (Patton,
2002). Interviewers can decide the sequence and wording of questions in the course of
interviews. Interview questions are developed according to the Diffusion of Innovation theory,
and cognitive and normative behavior theories. Questions focus on the awareness and perception
of urban SMPs, the adoption and maintenance experience, technical assistance experience, and
the sense of community (see Table 17). Questions includes experience and behavior questions,
opinion and values questions, feeling questions, knowledge questions, and demographic
questions (see Appendix B: Interview Questions).
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Table 19 Selected 2017 Urban SMPs Interview Questions
Theories





DOI:
characteristics of
decision-making unit










DOI:
perceived characteristics
of innovation before and
after adoption
RAA:
attitudes towards the
practice
RAA:
perceived behavior
control
ABC:
institutional factors,
physical constraints,
incentives and costs
ABC:
interpersonal influence,
community expectation
RAA:
Subjective norms
NAT, NEP, VAB:
environmental concerns
and sense of
responsibility










Questions
Experience with adoption and maintenance of urban
SMPs
Technical assistance experience
Gardening experience
The ways you communicated within your
neighborhood/community
The frequency you participated in the events your
neighborhood/community organized
Age
Education
Ownership of the property
How long you lived in your current property
Knowledge about urban SMPs
Knowledge you learnt from your adoption and
maintenance experience
Knowledge you learnt from your technical assistance
experience
Feeling about the experience with the practice
(enjoyable, neutral, annoying)
First impression about the practice
Impression about the practice changed after the
implementation
The practice you saw anywhere on your own adoption
Features of the practice interested in the most at first

The reasons for adopting the practice and the most
important reason to make the decision
The biggest concern to adopt the practice



The influence of your adoption on familiars
(neighbors, friends, relatives, co-workers)
The expectation your neighborhood/community has
for residents to address any environmental concerns



Any comments on water quality issues

Categories
Experience &
behavior

Demographics

Knowledge

Feeling
Opinion and
value
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Table 19 continued
Theories


Sense of community




Questions
Their definition about “community”
Any neighborhood/community characteristics you
want to improve
Perceived neighborhood/community characteristics
keep you stay here
The way you feel connected or attached to your
neighborhood/community

Categories
Opinion and
value

Researchers conducted the interviews in either participant’s home or a conference room
on campus, and recorded the conversation with the consent of participants. Transcribed
interviews were coded in NVivo by two researchers followed the grounded theory method,
which begins with basic description, conceptual ordering, and then theorizing (Strauss & Corbin,
2008). Through line-by-line analysis at the beginning, it helped “generate initial categories (with
their properties and dimensions) and suggest relationships among categories.” (Page 57). Next,
two researchers conducted open coding to identify concepts and their properties and dimension,
and axial coding to relate concepts to their subcategories. Through the process of identifying,
coding, and revising concepts and their subcategories, seven categorical concepts were
developed (see Appendix B: Interview Codebook).
4.3.2 Intercept Surveys
To better understand non-adopters’ perceptions of urban SMPs as well as the diffusion of
practices among communities, during the summer of 2017 we conducted intercept surveys in the
locations where urban SMPs installed. The identified locations are six public areas, two
churches, and two neighborhoods in West Lafayette and Lafayette, Indiana (Table 18). All the
locations except for the Bus Transfer Station have informational signage explaining the practice
installed and its positive benefit on environment. The fire station where a rain garden and
bioswales installed is a place pedestrians have no sidewalks access to, so we conducted the
intercept surveys with residents living in the adjacent neighborhood. We approached the
residents in the neighborhoods by knocking on the door of each residential house. All the other
intercept surveys were conducted by approaching passersby of installed urban SMP and asking
to interview about their awareness and experience of urban SMPs. Two researchers approached
272 individuals, 37 of them refused to answer questions, and 63 residents in the neighborhoods
didn’t response.
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Table 20 Locations of 2017 Urban SMPs Intercept Surveys

Locations

Practices Installed

Bus Transfer Center
Courthouse
Fire station
Imagination Station
Morton Community Center
Lilly Nature Center
Church 1
Church 2
Neighborhood 1
Neighborhood 2

Bioswale & pervious pavement
Rain garden
Rain garden & bioswales
Rain garden & rain barrel
Rain garden
Rain garden & pervious pavement
Rain garden & rain barrel
Rain garden & biowale
Rain garden, rain barrel, & pervious pavement
Rain garden & rain barrel

Informational
Signage
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

To measure public perception about urban SMPs and their diffusion influence, the
intercept surveys ask questions including the frequency they pass by this location, whether they
have noticed the practice and signage installed here, whether they talked with anyone about the
practice they saw here, whether they saw the practices anywhere else, and their experience with
other urban SMPs (see Appendix A: Intercept Survey). We scheduled to visit Bus Transfer
Center, courthouse downtown area, Morton Community Center, and Lilly Nature Center five
times, including a weekday morning and afternoon, a weekday off-work time, and a weekend
morning and afternoon. Imagination Station is a local science center that holds educational
events for children, we scheduled to visit there when one event was being held. We went to one
church on a Sunday morning and one church on a weekday gathering night. We scheduled to
visit the neighborhoods during weekday off-work time.

4.4

Results

4.4.1 Motivations on Adopting Urban SMPs
Three categories of motivations on adopting urban SMPs observed from in-person
interviews are identified in Table 19. The major motivation is the functionality of urban SMPs,
including the purpose to address flooding or drainage issues in the basement or yard, the low
maintenance requirement, the native plants as the landscape features, and the water reclamation.
The second largest motivation is the environmental benefits of urban SMPs, including protecting
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the local river, recharging the groundwater, and helping the nature in general. Only one
interviewee mentioned that grant money would be the first motive for its adoption.
Table 21 Identified Motivations for Adoption
Identified
themes

Sub-codes

Flooding/
drainage issues

Functioning
process

Functionality
Landscape
components

Water use

Local river
quality
Environmental
benefits

Funding
availability

Recharge
groundwater
Help
environment
Grant money

Quotation
“The ability to soak up water and to make the rest of the yard more
pleasant to walk in, to keep the soil from being soggy.”
“It's like if you don't have the water (in the yard) it doesn't occur
you to do it.”
“It helps with our drainage issue because we are at the bottom of
the hill. And so, we get all of the water runoff during storms.”
“Low maintenance, but just seeing how it works. The water, after
it rained, my little pond -- it fills up and then it just seeps away
after 24 hours or whatever. And just seeing that whole process and
I know my plants are getting watered at the time. I can't help it.”
“The idea that it was kind of-- it kind of took care of itself. The
rain came and it would water the plants and to me it was kind of
low maintenance. And that's what I'm into. I'd rather have things-it made sense to plant plants that thrive in this area. ”
“It probably wasn't because of the stormwater as much as the
plants.”
“The native plants. I mean I like native-- if I plant something that's
going to be native from now on and has been for few years.”
“I think it was a good excuse to kind of put in some native plants
and slow down the water all-in-one.”
“So that I don't have to use city water on my plants. I haven't used
a drop of city water on my garden in five years, so. And my birds
like it too. I think rainwater keeps my bird baths cleaner.”
“Save on my water rates and also I'm a farmer by heart. I grew up
on a little farm and I know about the conservation of water. And
also the water that we normally use to water the flowers, before we
got the rain barrel then that also goes into sewage, which we have
to pay extra for.”
“Once we did the rain garden, it just made sense (to have a rain
barrel).”
“Protecting the river would be the first.”
“The fact that’s recharging ground water, rather than running into
the sewers.”
“If we can do something to put water back into the ground instead
of taking it out.”
“It’s a concentrated area where they might make some difference.”
“I like the conservation about helping nature in general.”
“I probably wouldn’t have done it without the grant money. That
was the first.”
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4.4.2 Barriers about Adopting Urban SMPs
The intercept surveys ask about passersby’s experience with each urban SMP, and the
reason why they are not considering the urban SMPs on their own property. The barriers that
preventing the adoption of rain barrels are mostly related to its functionality. Respondents
concerned rain barrels could not provide enough water storage, and would have standing water
issues, freezing issues in winter, and risk of bugs and mosquitos. The other barriers observed
from intercept surveys are contextual factors, such as the limit of current gutter and regulations.
A few respondents also mentioned the aesthetics of rain barrels prevented their adoption. In
terms of other urban SMPs, including bioretentions (i.e., rain gardens and bioswales), pervious
pavement, and green roofs, the most mentioned barrier is its cost. People also concerned about
the time, ability and labor requirement for its installment and maintenance. In addition,
respondents mentioned they concerned about the weedy look of rain gardens and the weight on
roof of green roofs. They also expressed their unwillingness to modify their current structure to
implement a pervious pavement or a green roof.
Table 22 Identified Barriers for Adoption

Practices

Identified barriers

Rain barrels

standing water, freezing in winter, aesthetics, bugs/mosquitos, not compatible
with the gutter, not enough water storage, laws/regulations/homeowner
association doesn’t allow

Bioretentions (rain
gardens & bioswales)

cost, space, time, ability, knowledge, weedy look, soil excavation, have well
drained yard

Pervious Pavement

cost, space, time, maintenance, unsuitable soil condition, water flowing the
wrong directions after soaking, don’t want to replace current driveway

Green roofs

cost, knowledge, weight on roof, sloped roof, structural modification,
installation and maintenance

4.4.3 Perceptions after Implementation
In order to understand the factors influencing the continued use of urban SMPs, we asked
the interviewees how they perceived about the characteristics of practices after their
implementation. The most observed concerns are associated with the functionality and
maintenance process of practices. Adopters quite concerned about the components of rain barrel
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kits, including the longevity of stands and the easiness of diverters. In addition, when it is during
a rainy season, rain barrels are not large enough to capture all the rain, and adopters have to drain
their barrels often. In terms of rain gardens, several adopters concerned about the effectiveness as
they still observed the existence of water overflow after the implementation. Regarding the
maintenance of urban SMPs, several adopters were not satisfied with the look of plants or the
existence of weeds. One interviewee commented that s/he did not know how to clean a rain
barrel and worried about the bacteria inside the barrel. One interviewee said the cost would be
the barrier preventing their continued maintenance of a rain garden. One interviewee also
worried about the size of his/her rain garden, which the growth would infringe on neighbor’s
property.
Table 23 Concerns after Implementation
Identified
themes

Sub-codes

Components

Functioning
issues
Excess water &
overflow

Effectiveness

Plants & weeds

Maintenance

Cleanliness

Cost

Quotation
“The diverters (of a rain barrel) are a pain in the butt.”
“Those little wooden stands don't last very long at all.”
“I never get hosing at the spigot to work the way I wanted it to.”
“I'm not pleased with the gutter system with the pipes.
Aesthetically, it's not awesome.”
“We couldn't use all the rain we were collecting, what do I do with
all this excess rain? So it's just that you have to drain it when
you're done. But that's seasonal.”
“I mean most the time it overflows. So really I don't know that
they (rain gardens) are quite large enough. “
“If we had a big rain it would kind of wash out so I added more
rocks for the little overflow area.”
“We attempted one (rain garden). The plants are alive, but I don't
know if it's big enough or how effective is.”
“The problem with the plants is they look nice for a week and then
they look like weeds.”
“But the problem is that in the spring, I would never get it cutdown soon enough, and it would become a mess. The plants would
start to grow before I actually got a cut-down.”
“There could be bad things in there that I don't want to introduce
into the system, but I don't know what the best way to clean the
inside of a rain barrel is.”
“I don't know if there's a plan that, oh after so many years let's go
check them and let's see if we need to replace anything. If it's
going to cost you to do something like that then chances are
they're not going to do that.”
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Table 23 continued
Identified
themes

Sub-codes

Quotation

Infringe on
neighbor’s
property

“Property division has become a possible concern. The practice
(rain garden), I think, is a very valid one. I'm just not convinced it
was right for me and my yard because of its size and everything.”

Not all the people held negative perceptions about the urban SMPs after implementation.
One interviewee said “it's been a constant positive impression of a rain garden, and where we're
moving, if I could put one in, I would”. In contradictory to some interviewees’ complaints on the
maintenance of rain gardens, several adopters are satisfied with the low maintenance feature of
rain gardens, as they thought “it’s grass, so it’s just basically mowing”. Another noticeable
perception people had is the sense of nature, adopters enjoy watching birds bathing in the
rainwater on top of a rain barrel and bees flying in the wild-look rain gardens. One adopter also
said s/he prefers the rainwater for plants as it “should be much cleaner”.
Table 24 Positive Perceptions after Implementation
Identified
themes

Maintenance

Sub-codes

Low
maintenance

Birds
Fondness of
nature
Bees

Water quality

Cleaner
rainwater

Quotation
“My experience with natives, it's that it is a fairly lowmaintenance situation. I haven't mulched yet for the year and I am
just getting ready to start weeding. But it's going to be less work
than a manicured garden.”
“That one's easily maintained just because it's grass. So it's just
basically mowing.”
“The birds like it when it gets filled then the top stays enough for
the birds and we have a tree right there so, that's always nice.”
“My birds like it too. I think rainwater keeps my bird baths
cleaner.”
“I was trying to figure out how to get more bees in our yard. It was
that whole having wild-looking gardens rather than something
that's structured. It attracts that the bees that we need to keep
things pollinated, and then it's actually doing a job which I like.”
“To have rainwater to water plants rather than getting it out of the
faucet because the faucet has chlorine and what other chemicals
that it might have that the rainwater should be much cleaner, and
as long as we don't have the acid rain from that.”
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4.4.4 Interviewees’ Suggestions for Promoting Urban SMPs
Interviewees provided suggestions to promote the implementation of urban SMPs in the
following aspects: funding, non-monetary incentives, installation instruction, targeted audience,
and outreach strategies. One interviewee commented, “The incentive program was really good,
and wish there was more money for people to do it”, and another two thought providing plants or
discounted price native plants for people will “entice people to be more engaged (in installing
urban SMPs)”. One commented, “They (WREC) gave good instructions, but the instructions had
left so much choice that you weren’t sure which was compatible with which”. People
recommended the program to provide more specific installation instruction, such as “a diagram
for how far apart to put the plants and a list of small number of plants that can go in each zone”,
or “sample layouts from other private rain gardens locally”. Several interviewees suggested
potential adopters for urban SMPs, including “Master Gardeners”, and “people that live at the
bottom of the hill”, as Master Gardeners are more interested in gardening or landscaped related
stuff, and people who live at the bottom of the hill might have some drainage issues. Other
interviewees recommended specific outreach strategies. These strategies include establishing a
community education center, bringing people together to paint rain barrels, introducing the urban
SMPs into the schools, and lowering the storm water fees for people who had pervious
pavement.
4.4.5 Diffusion of Urban SMPs in Communities
In order to explore how the urban SMPs diffuse among communities, this interview asked
participants how they define the word “community”, how they involve in the community, and
what characteristics of the community they value about. These interview questions will help
understand participants’ sense of community and how these factors influence the diffusion of
practices.
As explained in the background section, this research defines the community as a definite
locality where people share a sense of community. When asking about how to define the word
“community”, the word interviewees mentioned the most was “people”, and the scales they
defined as a boundary for their community were “street”, “neighborhood”, and “town”. Most of
interviewees regarded the places they live in as the community, however they also noticed that
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not all the residents here know each other and share a sense of community. One interviewee
emphasized, “One definition of community is what your neighborhood is. There is not a whole
lot of community here. People tend not to know their neighbors”.
Talking about residents’ involvement in the neighborhoods, some interviewees said that
they have a neighborhood association or homeowner association. The association holds meetings
every year, but respondents are not active in participating the meetings. The association
organizes neighborhood activities, including picnic, garage sale, snow shoveling, Easter egg
hunt, and Christmas yard decoration competition. One interviewee appreciates the directory the
association put up, so that neighbors could communicate with each other by mail, “in the
neighborhood who are interested in babysitting, mowing lawn, pet sitting, pet walking, that kind
of thing. So I think that helps build the community also”.
When asking about the characteristics that make them want to stay in this neighborhood,
several mentioned their neighbors are the main asset, one interviewee said, “The neighborhood is
very much like families, kind of hamlets”. Others value the physical environment of their
neighborhoods, including low-traffic streets, safe and quiet surroundings, nearby school systems,
and its proximity to the town. When asking about whether their neighborhoods have any
expectations for them to address environmental issues, most interviewees responded their
neighborhoods do not have such requirements. One interviewee commented, “There’s not an
expectation, but there’s an appreciation”, and one noticed that their neighbors “are not heavy on
the fertilizer or pesticide”. A lot of them concerned about the quality of local Wabash River, they
said they have never been on it or saw others fishing in it.
4.4.5.1 Influence of Interpersonal Communication on Diffusion
Regarding the influence of their installed practices on others, urban SMPs serve as a
medium for residents in the neighborhood to communicate. Most interviewees said they talk with
their nearest neighbors in person. One interviewee who had installed multiple urban SMPs,
including rain barrels, a rain garden, and pervious pavement on the driveway, did get adequate
attention from passersby. The interviewee noted that “our rain garden sits on a main road through
our neighborhood, I'll be getting ready in the morning in the summer time when the windows are
open, so I'll be getting ready upstairs and I can hear people standing out there reading the sign
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and talking about it”. S/he added, “I quit counting at 100 people talking about that rain garden.
It’s a huge education piece”. People started to ask about what the practice is and read the signage
installed next to the practice. Several interviewees also mentioned “a bunch of people have
requested technical assistance from WREC (a local environmental organization)” after talking
with the interviewees about rain gardens, and “called to ask for a similar painted rain barrel”
after seeing their painted ones. Besides increasing the awareness of urban SMPs among
neighborhoods, participants’ implemented practices had positive influence on their important
others’ installation, including their neighbors, relatives, and friends. Some interviewees noticed
their neighbors got rain barrels after seeing theirs, one interviewee’s mom-in-law bought herself
a “clay pot look” rain barrel, and one interviewee’s friend installed a rain garden on her own.
4.4.5.2 Influence of Informational Signage and Practices on Diffusion
The results of intercept surveys also provided implications for the diffusion of urban
SMPs in towns, which is the effect of informational signage and practices on increasing the
awareness. The intercept surveys ask passersby in public areas, members of churches, and
residents in the neighborhoods whether they noticed the practices and signage installed (Figure
8).

Have you noticed the practice and signage installed here?
Number of respondents

30
25
20
15
10
5
0

No: practice

Yes: practice

No: sign

Yes: sign

Figure 8 Awareness of Practices and Signage Installed
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Rain Garden: Bus Transfer Center

Rain Garden: Courthouse

Rain Garden: Fire Station

Bioswales: Fire Station

Figure 9 Urban SMPs Installed in Public Places (1)
Figure 9 and 10 show the practices and signage installed in public places, including Bus
Transfer Center, courthouse in downtown Lafayette, fire station, Imagination Station, Morton
Center, and Lilly Nature Center.
Rain gardens installed at Bus Transfer Center are poorly maintained that weeds and trees
are existent. There is no informational sign explaining practices installed. The average age of the
respondents is 47, and the age range is between 22 and 73. 43% of the respondents are female.
Most of the respondents said they didn’t notice rain gardens installed at Bus Transfer Center
(n=25).
The rain garden installed near the courthouse in downtown Lafayette is relatively well
maintained. The informational sign installed next to the rain garden explains what a rain garden
is, while the size of the sign is small. The average age of the respondents we intercepted is 40,
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and the age range is between 22 and 75. 29% of the respondents are female. Over half of the
respondents said they noticed the rain garden installed, while only 5% were aware of the sign
(n=23).
Rain gardens and bioswales installed at the fire station are well maintained, and the size
of the signs are more visible with illustrative figures. However, fire station has no sidewalks so
we conducted intercept surveys in the adjacent neighborhood. The average age of the
respondents is 50, and the age range is between 31 and 72. 53% of the respondents are female.
Less than half of the respondents noticed the practices and 35% were aware of the sign (n=17).

Rain Barrel: Imagination Station

Rain Garden: Imagination Station

Rain Garden: Morton Center

Rain Garden: Lilly Nature Center

Figure 10 Urban SMPs Installed in Public Places (2)
Imagination Station is a local science center that it occasionally holds educational events
for children. Two rain barrels installed are located near the entrance of the building, and a rain
garden is installed at the other side of the parking lot away from the entrance. There’s no
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informational sign of rain barrels, while there are two signs explaining the functionality and
benefits of a rain garden. The average age of the respondents is 40, and the age range is between
28 and 64. 67% of the respondents are female. Only one respondent noticed the practices and the
sign (n=6).
Morton Center is a local multi-purpose building that can be rented for varied activities.
The rain garden is newly installed and the plants are not well grown. The sign installed is not
visible for passersby as there’s a fence around the parking lot of Morton Center. The average age
of the respondents is 26, and the age range is between 21 and 38. 42% of the respondents are
female. Only 33% of the respondents noticed the rain garden while no respondent noticed the
sign (n=12).
Lilly Nature Center is an open space with paved trails and natural paths. The parking lots
have pervious pavement and the rain garden is installed near a paved trail. The rain garden has
one informational sign, while pervious pavement doesn’t have a sign. The average age of the
respondents is 46, and the age range is between 21 and 91. 63% of the respondents are female.
62% of the respondents noticed the practices (n=21), while 37% of the respondents noticed the
sign (n=19).
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Rain Garden

Rain Garden

Bioswales

Rain Barrel
Figure 11 Urban SMPs Installed in Churches

Figure 11 shows the practices and signs installed in two churches. The first church has
installed a painted rain barrel and a rain garden. Two small informational signs are installed next
to the practices. The average age of the respondents in the first church is 51, and the age range is
between 20 and 75. 59% of the respondents are female. All the respondents noticed the practices
installed, while only 29% of the respondents were aware of the sign (n=17). The second church
has installed a rain garden and bioswales. Two signs with illustrative figures are installed next to
the practices. The average age of the respondents in the second church is 55, and the age range is
between 32 and 76. 40% of the respondents are female. All six respondents said they noticed the
practices and the signs.
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Rain Garden

Rain Garden

Bioswales

Rain Barrel
Figure 12 Urban SMPs Installed in Neighborhoods

Figure 12 shows the practices and signs installed in neighborhoods. The first
neighborhood has rain barrels, rain gardens, and pervious pavement installed. The average age of
the respondents in the first neighborhood is 50, and the age range is between 33 and 76. 50 of the
respondents are female. Most of the respondents in the first neighborhood noticed the practices
installed, and less than half of the respondents noticed the signs (n=14). The second
neighborhood has rain barrels and rain gardens. The average age of the respondents in the second
neighborhood is 49, and the age range is between 28 and 77. 48% of the respondents are female.
Most of the respondents in the second neighborhood noticed the practices, and nearly half of the
respondents noticed the signs (n=30).
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4.5

Discussion
This study proposes a theoretical framework adapted from Rogers’ Diffusion of

Innovation theory. In its five stage decision-making process, this study incorporates normative
and contextual factors from previous behavioral theories at the Persuasion Stage; it assumes that
pro-environmental behaviors are determined by a complex of factors, including the perceived
characteristics of practices, sense of responsibility towards the environment, and behavioral
controls factors.
The major motivation observed from interviews is the functionality of urban SMPs, such
as solving drainage issues, reusing rainwater on gardens, and low maintenance feature of native
plants. Perceived characteristics of practices still have strong influence on people’s behavior
decision, as Diffusion of Innovation theory indicates. A meta-analysis on empirical studies
shows that relative advantage of innovation has the consistent positive relationship to innovation
adoption (Tornatzky & Klein, 1982). Emphasizing the relative advantage of urban SMPs would
be a more useful motivator when promoting the implementation of urban SMPs.
In addition, several interviewees mentioned protecting the local river and helping the
nature is the main motivation for their adoption. These are the intrinsic factors that Schwartz
(1977) identified as altruistic attitudes influencing behaviors. This altruism conforms to what
Gatersleben et al. (2017) identify that frugality and morality are the strongest predictors of proenvironmental behaviors. Bamberg and Moser (2007) confirm that personal responsibility is a
third predictor of pro-environmental behavioral intention besides attitudes and locus of control.
Furthermore, even though from the interviews with adopters, only one mentioned grant
money is the most important motive for the adoption, the intercept surveys show people regard
cost as a big barrier preventing them to implement urban SMPs. Incentives has been helpful in
promoting pro-environmental behaviors, including adopting agricultural water conservation
practices (Grammatikopoulou, Pouta, & Myyrä, 2016; Pande & Kurothe, 2011), purchasing
green technology products (Gallagher & Muehlegger, 2011; Young, Hwang, McDonald, &
Oates, 2010), and recycling (Iyer & Kashyap, 2007). In this research, providing monetary
incentives will be helpful for attracting people who are not familiar with urban SMPs to get more
knowledgeable about the practices. Other behavioral control factors, such as perceived ease or
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difficulty of implementing urban SMPs, are not well examined among people who haven’t
adopted urban SMPs in this research. Future research could investigate these behavior control
and self-efficacy variables among people who have interest in urban SMPs to discover more
cognitive factors for adoption.
In this theoretical framework, it reevaluates adopters’ perceptions of practices
characteristics after the Implementation Stage to help understand factors sustaining the continued
use of such practices. Incorporating this reevaluation into the Diffusion of Innovation decision
model makes the decision process a more dynamic loop, so that it could monitor the persistence
of pro-environmental behaviors. Several adopters have concerns on the longevity of components,
the effectiveness to solve overflow issues, the existence of weeds, and the cost of continued
maintenance. Some adopters appreciate the low-maintenance feature of their rain gardens, and
they really enjoy what the practices bring them, including the rainwater for plants, the sense of
nature, and the sense of satisfaction. These negative concerns and positive perceptions adopters
gained from their own implementation experience could be useful for water resources managers
to develop outreach strategies to reinforce the maintenance of urban SMPs.
In addition, from the reevaluation of adopters’ practices perception, this research
observes that positive emotions play a critical role in reinforcing the implementation of urban
SMPs. One interviewee enjoys watching how the water flow through the rain garden while
raining, and one participant enjoys the bees attracted by the wild garden and birds bathing in the
rainwater. Adopters’ satisfaction about urban SMPs and affinity towards nature may affect their
evaluation of practices, therefore it will influence their continued maintenance of practices.
Psychologists have studied the effect of emotions on cognitive decision making. Schwarz (2000)
stated individuals may use their affective response as a basis of judgement by influencing their
evaluation of features. In this research, adopters who feel the sense of satisfaction when watching
the functioning process of a rain garden, and those who feel the sense of nature when the practice
attracts birds and bees, have a positive perception about their maintenance experience. This
conforms to what previous research shows that satisfaction of doing the right thing can reinforce
people to continue their pro-environmental behaviors (Kollmuss & Agyeman, 2002). Moreover,
affinity towards nature is also a powerful predictor to nature protective behaviors (Kals,
Schumacher, & Montada, 1999). Nevertheless previous behavior models emphasize more on the
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rational determinants of pro-environmental behaviors, and few focuses on the influence of
emotions in reinforcing behaviors. Future studies should take such emotion factors into the
decision making model for better understanding the environmental-responsible actions
(Halpenny, 2010).
Regarding the diffusion of urban SMPs among communities, this study investigates the
effects of informational signs on promoting public awareness of practices, and interpersonal
communication on increasing residential adoption. In this research, well-maintained urban SMPs
with informational signs that are installed visibly to the passersby, such as in residential front
yards, church parking lots, and open space paved trails, received better attention than practices
installed elsewhere. Well-maintained practices and visualized signs will help increase the
awareness of urban SMPs. It would be useful for environmental organizations to design
interactive signs for practices installed in these public areas showing the functioning process of
practices. Moreover, people in neighborhoods and churches are more likely to get know each
other and feel a sense of belonging to the community; this might also contribute to the better
public awareness of practices in these areas. In addition, people also mentioned their practices
had effects on their important others’ (i.e., friends and relatives) installation. Previous studies
show that it’s important to incorporate neighbor and peer effects to promote the adoption of
innovated practices (Case, 1992; Foster & Rosenzweig, 1995; Graziano & Gillingham, 2015;
Langyintuo & Mulugetta, 2008; Noonan et al., 2013). Nevertheless, this study hasn’t explored
the spatial distribution of neighbor and peer effects and its diffusion process over time, which
deserves further investigation. Future studies could also measure the diffusion effect in a larger
extent that is not bounded by locations (i.e., a neighborhood or a town in this study). As one
interviewee stated community is “a group of people who are connected by either location or
beliefs”. Further studies could measure diffusion effect in a larger community through multiple
communication methods, such as workshops, events, social media, newspapers, and websites.
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CONCLUSIONS

5.1

Summaries
Understanding the social dimensions of water resources management is an essential

component to the design, promotion and management of successful local and regional water
projects. This dissertation is designed to investigate the adoption, maintenance, and diffusion of
urban stormwater management practices (SMPs), and answer one overarching questions: What
are the determinants for individuals to implement urban SMPs? The results of measurement of
social indicators, including awareness, attitudes, perceptions, and constraints, can assist resource
managers in making informed decisions and implementing effective practices that ultimately
lead to water quality improvement. In addition, the findings of this research contribute to
empirical studies on urban SMPs from the perspective of understanding individual’s decision
making, rather than examining institutional challenges or measuring effectiveness of practices.
Furthermore, this research proposes a theoretical decision-making model adapted from Diffusion
of Innovation theory, cognitive behavioral theories, and normative behavioral theories; it can be
applied to understanding the determinants of pro-environmental behaviors in a more
comprehensive and dynamic way.
Chapter 2 aims to understand the implementation of rain barrels, one of the urban SMPs
most widely promoted by local watershed groups to install on residential properties. This study
conducted surveys and interviews to investigate the motivations and barriers for adoption and
maintenance of rain barrels, and practice assessment to monitor the maintenance condition. This
study correlated the practice assessment data with the 2014 survey data to investigate how people
with rain barrels in good maintained condition responded to the 2014 survey. Therefore, it can
indicate the evidence affecting the maintenance of rain barrels. The findings suggest that people
with more positive attitudes towards the environment and higher levels of knowledge about
practices are more likely to adopt practices. This implies that it is necessary for practitioners to
conduct education programs that spread knowledge of conservation practices, especially
emphasizing the economic benefits of the practice as well as the environmental benefits.
Noticeably, gardeners with the intention to reduce water use in their yard can be the targeted
audience for promoting rain barrels; they are most likely to adopt. However, this study cannot
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make strong predictors for motivation of good maintenance, as it finds no significant difference
between Full Maintainers and Partial Maintainers in their awareness about local water quality
issues and attitudes towards the environment. Finally, a higher average assessment score was
observed in adopters with signs than those adopters without signs. It is strongly recommended
for adopters to display informational signage stating the use of practice and support for local
environment, which helps reinforce their efforts to maintain the practice over time.
Chapter 3 is intended to answer the same questions, what the motivations and barriers of
individuals are for adopting urban SMPs. In addition, it measures the concerns regarding the
integration of rain barrels and rain gardens into public areas as well as the implementation on
private residential properties. This study conducted 2016 Wabash River to measure these
perceptions. The study also analyzed the 2006, 2009, 2014 and 2016 survey data to understand
longitudinal perception towards Wabash River. Furthermore, the study assumes people with
different levels of experience with urban SMP will have different perceptions towards the
practices and the river; it conducted the comparison analysis among groups with different
experience. This study incorporated cognitive (i.e., attitudes towards the practices) and
normative factors (i.e., sense of personal responsibility for local water bodies, and environmental
awareness of water quality issues) to understand their influence on the adoption of rain barrels
and rain gardens. The findings of the study suggest residents are supportive of the integration of
rain barrels and rain gardens into public spaces and yards due to their functional and
environmental benefits. As for the implementation on their own properties, factors of SMP
adoption that fit within themes of self-interest, such as economic savings of using rainwater from
rain barrels and the effectiveness of managing flooding by using rain gardens, were perceived to
be more important than environmental benefits. Cognitive barriers exist for those who have yet
to adopt the practices, including concerns about effectiveness, maintenance, aesthetics, and risk
of bugs and insects. However, individuals who have adopted the practice are less likely to have
such a discouraging mindset. In addition, people who know how to install a rain barrel and rain
garden report better knowledge about the natural process of the river, and place more value on
the river, than those who are somewhat familiar with the practices. Rain garden adopters
especially appreciate what the Wabash River brings them and care about how the river functions.
Having a sense of responsibility towards the river is a predictor for water resource protection
behaviors, which helps inform future water resource management. The study therefore suggests
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that increased public involvement in environmental activities, will also increase the public’s
awareness of local water quality issues, and thereby influence their willingness to protect water
resources.
Chapter 4 is designed to answer the questions Chapter 2 and 3 haven’t addressed,
including what the determinants for maintenance are and how the urban SMPs diffuse among
communities. This study incorporates the normative (i.e., moral obligation, interpersonal
influence, community expectation) and contextual variables (i.e., institutional factors, physical
constraints, monetary incentives) into Rogers’ innovation decision-making model to measure the
adoption and maintenance over time. This study conducted in-person interviews and intercept
surveys to measure the adopters’ motivations to install an urban SMP, non-adopters’ barriers to
implement the practice, adopters’ perceptions about the practice change after their maintenance,
and the factors influencing the diffusion of urban SMPs among communities. The interviews
were conducted with four potential adopters of urban SMPs who requested technical assistance
from Wabash River Enhancement Corporation (WREC), three rain barrel adopters who
discontinued their practice based on the 2015 practice assessment inventory, seven bioretention
(i.e., rain gardens and bioswales) adopters, and two residents who answered they saw practices
anywhere in the 2016 Wabash River Residents Survey. The intercept survey was conducted in
the locations where urban SMPs installed, including six public areas, two churches, and two
neighborhoods in study area. The interview results indicate the major motivation adopters
identified is related to the functionality of the urban SMPs, including solving drainage issues,
reusing rainwater on gardens, and low maintenance feature of native plants. The other motivation
identified is adopter’s aspiration of responsibility towards the environment, including protecting
the river or helping the nature. The intercept surveys show the public identified cost as a big
barrier to implement urban SMPs, while this is not the most important reason as adopters in the
interviews identified. This implies that inventive will be helpful to attract people who are not
familiar with the urban SMPs to learn about the practices. Nevertheless, incentives are not the
most important determinant for adoption. The research notices that emotions influence adopters’
reevaluation of urban SMPs features. Adopters who feel a sense of satisfaction when watching
the functioning process of a rain garden and those who feel a sense of nature when the practice
attracts bees and birds, have a positive perception towards the maintenance of the practices.
Nevertheless, concerns like the longevity of required components, the effectiveness to solve

88
overflow issues, the existence of weeds, and the cost of continued maintenance, are identified as
factors affect adopters’ maintenance experience. Regarding the diffusion of practices among
communities, well-maintained urban SMPs with informational signs that are installed visibly to
the passersby, such as in residential front yards, church parking lots, and open space paved trails,
received better attention than practices installed elsewhere. The findings indicate that
emphasizing the relative advantage of urban SMPs would be a more useful motivator when
promoting the implementation of urban SMP. In order to reinforce the good maintenance of
urban SMPs, water resource managers could distribute information on possible maintenance
issues and relevant solutions to adopters by email. For better diffusion effect of urban SMPs, it
would be useful for environmental organizations to design interactive signs showing the
functioning process of urban SMPs installed in neighborhoods, churches, and open spaces.

5.2

Future Research Directions
This research conducts surveys and interviews to measure the socioeconomic

determinants of urban SMPs implementation. One limitation of survey and interview methods is
that respondents have the tendency to answer the questions in a way that they deem to be right or
socially acceptable (Fisher, 1993; Maccoby & Maccoby, 1954). This is called social-desirability
bias; it happens more often when survey and interview questions are sensitive topics that people
are more likely to provide distorted information. Even though this research on pro-environmental
behaviors is not a sensitive topic, some respondents might have the tendency to project a
favorable impression. Another limitation of this research is that it assumes more adoption of
urban SMPs will have positive impacts on local water quality, however this research didn’t
examine the effectiveness of urban SMPs in the watershed. Future research should investigate
the implementation of urban SMPs from both ecological and social perspectives so that it can
understand the number of practices needed to improve water quality and better promote the
adoption of practices in public and private area.
This dissertation aims to understand the determinants of adoption, maintenance, and
diffusion of urban SMPs, including rain barrels, rain gardens, bioswales, pervious pavements,
and green roofs. Nevertheless, the number of pervious pavements and green roofs are relatively
low in study area, and very few installed these two on private residential properties. This study
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mainly explored factors influencing the adoption, maintenance, and diffusion of rain barrels and
rain gardens. Further investigation on pervious pavements and green roofs are necessary.
Moreover, future research should examine the influence of contextual factors such as regulations
and program incentives on the adoption of urban SMPs, in addition to cognitive and normative
drivers addressed in this study. Regarding the diffusion process among community, further
research could measure the diffusion effect in a larger extent that is not bounded by locations
(i.e., a neighborhood or a town in this study) through multiple communication methods, such as
workshops, events, social media, newspapers, and websites. Furthermore, future research should
continue to focus on the factors influencing the discontinuance of practices over time, by
reevaluating the perception towards the practice after its implementation. It is noticeable that few
research explores the influence of emotional and affectional factors on pro-environmental
behaviors. This research observes adopters’ sense of satisfaction and affinity towards nature have
a positive influence on their maintenance experience, while the number of these observations are
not adequate so that it requires a more comprehensive analysis. Adding emotions into the
traditional cognitive and normative behavioral models can help better understand the
environmental-responsible actions, especially for the persistence of a behavior or maintaining a
practice.
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APPENDIX B. INTERVIEWS

Interview Guide
I.

Concerns of practices

Urban stormwater SMPs are the measures to reduce urban runoff flowing into the nearby
waterways. The typical common ones we are familiar with are rain barrels, rain gardens, green roofs,
pervious pavements, and native landscaping.


From the WREC technical assistance list, we saw that you have requested […], and attended the
meeting on […].
 From the WREC urban stormwater inventories, we knew that you have installed […]
 Our 2016 Wabash Survey you responded said you have seen [the practice] at [ …]
 (Before you saw […]), where did you first hear about […]?
The next set of questions will be about your first impression of [the practice] (the one they said
they saw/the one they have intention to adopt/the one they adopted already). So thinking back,










What was your first impression about […]?
Which features of the practice were you interested in the most at first?
Probe: functionality (reduce water use, water my garden, reduce ponding in my yard, a yard art),
good for environment (improve water quality, reduce runoff in local area)
Why did you adopt the practice? /What was the most important reason that made you decide to
adopt the practice?
(if they haven’t installed yet) What was the biggest concern for you to adopt […]?
Probe: cost, time required, the feature of your property, aesthetics (don’t like how it looks), etc.
The next set of questions will be about your maintenance of the practice.
Can you tell me your experience with maintaining the practice?
Probe: perceived resources (time, money, knowledge) and locus control (physical ability, the
features of the property)
What did you learn from your maintenance experience?
How did you feel about your experience with the practice? (Is it an enjoyable one or annoying
one or neutral?)
After implementing the practice, how, if at all, have your impression about the practice changed?
The next set of questions will be about your experience with Technical Assistance from WREC.



(if they have installed already) Did you receive any funding to implement the practice? What is
that, if any?
 (if they have installed already) Did you receive any TA from WREC to implement the practice?
 What made you decide to request TA?
 What new information, if any, did you learn from the TA?
 How do you think about the TA you received?
 Did that meet your expectation? If not, what do you think the TA should provide you?
The next set of questions will be about your opinions on the other urban stormwater conservation
practices, such as…




How are you familiar with [any of the other mentioned practices]?
(if they are not familiar with the practice) what’s your first impression of this practice? (showing
pictures)
(if they are not familiar with the practice) what would you want to know about this practice?
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II.

What do you know about [the other mentioned practices]?
Do you ever have the intention to implement any of the mentioned practices? /Would you
consider installing this one at your property?
What was the biggest concern for you to adopt […]?
Probe: cost, time required, the feature of your property, aesthetics (don’t like how it looks), etc.
Diffusion of practices






III.

Where did you install your practice? Front yard or backyard? Why there?
What do you think has been the influence, if any, of your adoption on the adoption by your
familiars (neighbors/ friends/relatives/co-workers)?
What do you think has been the influence, if any, of the practices you saw in your neighborhood
or anywhere on your own adoption?
With whom have you talked, if anyone, about the practice? Can you tell me what did you talk?
Do you know any your familiars (neighbors/ friends/relatives/co-workers) installed the practice
because of talking with others or seeing the practice anywhere?
Sense of community
This set of questions will ask about your community.



When I first say “community”, what is coming up in your mind?
Talking about the neighborhood in which you live as a community:




How long have you been lived in this neighborhood/community?
How do you communicate information within your neighborhood/community? (In-person, phone
call, email, Facebook, etc.)
How often do your participate in the events your neighborhood organized, if any?
What do you think the neighborhood/community in which you live says about you as a person?
(e.g., identity)
What is it about the neighborhood/community that makes you want to stay here?
What do you think about the neighborhood/community could improve to make you feel better
about living here?
In what ways do you feel connected or attached to the neighborhood/community in which you
live?
In what ways do you feel your neighborhood/community has an expectation for the residents to
address any environmental concerns?







IV.

Demographics and any comments


How would you describe your gardening experience?
Any additional comments:



Do you have any comments on this topic or water quality issues?
The last part is about several demographics questions:



Socioeconomic characteristics (age, education, residential type)
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Interview Codebook
Code

Code Description

Sense of Place (sp)

The following subcodes should be attributed to statements that relate to the
interviewee’s statements that describe his/her sense of place/community in
which they live. The “sp” designation with each subcode refers to “sense
of place” (for ease of identification when running coding queries).

Definition of community (sp)
 Scale
o Neighborhood
o Town
Neighborhood attributes(sp)
 Demographics
 Positive (stay)
o Physical
o Location
o Housing
o Surrounding
o Public space
o Infrastructure
o Socio-economic
o Neighbors
 Negative (Improve)
o Physical
o Housing
o Surrounding
o Public space
o Infrastructure
o Business
o Socio-economic
o Neighbors
Communication method (sp)
 In-person
 Email
 Social media
 Website
Involvement (sp)
 Neighborhood association
 Homeowner association
 Neighborhood events
 Community events
 Networked community

Expectation on environmental issues
(sp)

Neighbors’ environmental awareness

Interviewee’s definition for word “community”.

Demographics of the neighborhood: size, the attributes of the residents
(elder/retired/working-class residents)
Positive (stay): anything they described/perceived as the positive attributes
of the neighborhood, and statements about staying to live in the
neighborhood rather than moving away for something “better”.
Negative (improve): anything they described/perceived as the negative
attributes of the neighborhood, and statements about improvements of the
neighborhood to feel better living here.
Housing: it could be their own property, or the other houses in the
neighborhood
Infrastructures: physical structures and facilities, including roads,
buildings, facilities providing services
Public space: parks, green space

Responses to the way the interviewees communicate within the
neighborhood (eg: in-person, phone call, email, Facebook, etc)
Refers to the activities in which the interviewee says he/she participates
within the community. This code should be used when the specific
question “How often do your participate in the events your neighborhood
organized, if any?” and “What do you think the neighborhood/community
in which you live says about you as a person? (e.g., identity)” are asked.
Neighborhood events are the events/activities held by the neighborhood
association or within the neighborhoods; networked community means
neighbor communicated and helped with each other.
Responses to the specific question: “In what ways do you feel your
neighborhood/community has an expectation for the residents to address
any environmental concerns?”
If the respond implied a less expectation on environmental issues, it could
still be here, but it needs to be reverse coded for the final analysis.
This includes interviewees’ perception of their neighbors’ environmental
awareness (their other environmental practices, values, attitudes, and
responsibility)
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Practices Experience (pe)
Practice implemented (pe)
 Rain barrel
 Rain garden
 Bioswale
 Pervious pavement
Practice NOT implemented (pe)
 Rain barrel
 Rain garden
 Bioswale
 Pervious pavement
 Green roof
Practice awareness (pe)
 Source
o City
o WREC
o Sara Peel
o Master Gardener
o Friends/relatives/coworkers
o Neighbors
o Social media
o Newsletter/
articles/websites
o TV
o Events/workshops
o Saw one elsewhere
First impression (pe)
 Positive perception
 Concerns/issues/knowledge
gap
First feeling towards practices (pe)
 Positive
 Negative
o Weed
Features interested the most (pe)
 Functionality
o Water use
o Flooding/drainage
issues
o Landscape component
o Functioning process
 Aesthetics
o Yard art
 Environmental benefits
Practice motivations (pe)
 Functionality
o Water use
o Flooding/drainage
issues
o Landscape component
 Aesthetics
o Yard art
o Practice appearance

Statements that relate to urban stormwater conservation practices the
interviewee has implemented or intended to/not to implement
Includes any urban stormwater conservation practice that the interviewee
has implemented.

Includes any urban stormwater conservation practice that the interviewee
has NOT implemented.

Their general awareness of the practices (but they didn’t indicate their
decision was influenced by those)
Responses to the question “Where did you first hear about…?” (source)

Responses to the question “What was your first impression about…?”

Their subjective feelings when they first be aware of the practices, it could
be neutral, positive or negative.

Responses to the question “Which features of the practice were you
interested in the most at first?” It is about their first perceptions towards
urban stormwater conservation practices, including the functionality, the
aesthetics, and the environmental benefits etc.

All of the factors that interviewee identify as reasons for why they have
implemented conservation practices (e.g. water quality benefits, reduce
water use, deal with flooding issues, serves as the nature component or art
in their yard, etc.)
Flooding/drainage issues: basement or yard flooding
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 Environmental benefits
 Funding available
Practice barriers (pe)
 Input
o Cost
o Time
o Labor
 Inability
 Lack of knowledge
 Property do not support
 Lack of visualization
 No need
 Regulations, rules, laws
concerns
Knowledge about practices (pe)
Usage/maintenance Experience (ue)
Impression after usage/maintenance (ue)
 Positive perception
 Concerns/issues/knowledge
gap
Features to be improved/changed (pe)
 Appearance
 Components
Knowledge learnt from usage/
maintenance(ue)
Feeling about usage/maintenance
experience (ue)
 Positive
 Negative

All of the factors that interviewees identify as reasons for why they have
NOT implemented/ are hesitant to adopt conservation practices (e.g. time,
cost, lack of equipment/knowledge, inability, perceived ineffectiveness,
etc.)

Their current knowledge about the practice

Description about their experience of using/maintaining the practice
Responses to question “After implementing the practice, how, if at all,
have your impression about the practice changed?”
Any features of the practices they wish could be improved or changed.
Components include all the related instruments, tools or parts for the
practice itself, e.g., the wooden stand, the screen for rain barrels, the plants
for rain gardens, etc.
The new knowledge about the practice they learnt from their
usage/maintenance experience
Their subjective feelings while they use/maintain the practice, it could be
neutral, positive or negative.

Technical Assistance (ta)

Description about their experience of requesting technical assistance

Practice requested TA (ta)

Includes any urban stormwater conservation practices that the interviewee
has requested technical assistance (TA)

TA information (ta)

What information they received from the TA?

Impact on TA decision (ta)
Perception about TA/grant (ta)
Expected information from TA (ta)

Who/what had an impact on interviewees’ decision to seek technical
assistance
Their perception about the TA they received, it could be their evaluation,
feeling, and attitudes towards TA
What information they expected to know from TA that they didn’t received
at their service

Diffusion of Practices (dp)

Statements that relate to the diffusion or urban SMPs

Source of diffusion (dp)
 City
 WREC
 Master Gardener
 Friends/relatives/co-workers
 Neighbors
 Social media

Where the interviewees have noticed the practices other than the sources
they were first aware of; Who/what had an impact on interviewees’
conservation and/or other environmental decisions (it could be adoption or
non-adoption decisions)
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 Newsletter/
 articles/website
 Event/workshops
 Saw one elsewhere
installed practices on others (dp)
 Ask what it is
 Seek more information
 Their implementation
Suggestions for the program/practices
(dp)
 Funding
 Outreach
o Audience
o Installation
o Maintenance
 Incentive

What the installed practices influenced on others, including their interest in
what it is, their desire to get more information and their own
implementation. If the interviewees only talked about the practices with
others, and were not certain about the influence, then no subcodes needed.
The suggestions to promote the implementation of practices for more
users, including the desire for more funding, the educational outreach
about installation and maintenance, and the various incentive options for
involving more people etc.
“incentive”: any incentives (monetary & non-monetary) for promoting the
implement of practices

Perception about practices by others

Their awareness and perception about urban SMPs installed by others

Environmental Awareness (ea)

Their general environmental awareness, including their
environmental values/responsibility, and their awareness of other
issues

Other environmental issues
 Water quality
o Drinking water
o Local river
 Lawn/yard care
 Fertilizers and chemicals
Other environmental practices
 Lawn/yard care
 Saving energy

Responses to the question “Do you have any comments on this topic or
water quality issues?” It is to capture any other water quality or
environmental issues the interviewee cares about.

Response to any other environmental practices the interviewees
implemented.

Environmental
values/attitudes/responsibility

Their environmental values, attitudes and responsibility

Interviewee Demographics

Age, education, ownership, time (how long they live in the neighborhood),
gardening experience

